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ABSTRACT 
Prenatal maternal stress can have a profound and enduring influence on child 
development. This represents an important public health issue and signals a need for 
intervention. However, despite an accumulating number of empirical studies, several 
key questions about the effects of prenatal maternal stress remain unanswered: 1) Few 
studies have focused on motor development, even though it is foundational for 
development across a range of other areas; 2) Research on mechanisms of transmission 
has focused on physiological processes, such as cascades of stress related hormones, 
and largely ignored the psychological cascades that can drive these underlying 
physiological responses; 3) Many prenatal stress studies only measure child 
development at one point in time, which provides information about the emergence of 
effects but cannot answer important questions about progression; and 4) Very few 
prenatal stress studies have looked at variables that can explain or reduce negative 
effects, which is essential information for effective intervention.  
This thesis investigates the relationship between different aspects of disaster-
related prenatal maternal stress and child motor development, explores how stress 
reactions work together to predict motor development, and proposes a cascade of stress 
reactions as a psychological mechanism of transmission for the effects of prenatal 
maternal stress. It examines continuity and change in findings between 16 and 30 
months and, finally, looks at whether maternal coping predicts child motor 
development. 
At recruitment, mothers (N = 224) exposed to a major flood during pregnancy 
completed questionnaires assessing flood exposure (QFOSS), peritraumatic distress 
(PDI) and dissociation (PDEQ), posttraumatic stress (IESR), a cognitive appraisal of the 
overall flood consequences, and coping (BriefCOPE). At 16 months (N = 145) and 30 
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months (N = 150) post-partum, children’s fine and gross motor development was 
assessed using the Bayley-III, and mothers completed questionnaires assessing 
postnatal stressors (i.e., life events, parenting stress and mental health). 
At 16 months, higher maternal posttraumatic stress predicted poorer child fine 
motor development and negative cognitive appraisal predicted poorer gross motor 
development. Both effects were only significant for children exposed to the flood from 
mid-gestation onwards. At 30 months, higher maternal posttraumatic stress again 
predicted poorer child fine motor development, but the relationship between cognitive 
appraisal and gross motor development was no longer evident. In addition, two new 
effects emerged: higher maternal dissociation predicted poorer child gross motor 
development, and flood exposure later in gestation predicted better gross motor 
development. Cascades of maternal stress reactions linked flood exposure to poorer 
child motor development, with different mechanisms for fine and gross motor 
development. Coping strategies predicted motor development indirectly via maternal 
stress. Both positive and negative effects were evident, depending on the type of coping 
strategy. 
Overall, this thesis makes several important contributions. It extends the current 
literature by establishing that different types of prenatal maternal stress can predict 
different areas of motor development in early childhood. It proposes potential 
psychological mechanisms of transmission for the effects of prenatal maternal stress on 
motor development, and provides further evidence that the effects of prenatal maternal 
stress can be enduring. It is also suggests that maternal coping indirectly predicts child 
development by influencing maternal stress. These findings have implications for the 
design of prenatal stress research, and for guiding interventions with pregnant mothers 
in the wake of natural disasters.  
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PREFACE 
A large body of research has established that prenatal maternal stress predicts child 
development across a range of areas, with effects evident in early infancy and persisting 
into early adulthood (Bergman, Sarkar, O'Connor, Modi, & Glover, 2007; Dancause et al., 
2011; DiPietro, Novak, Costigan, Atella, & Reusing, 2006; Gutteling et al., 2005; Huizink, 
De Medina, Mulder, Visser, & Buitelaar, 2002b; King, Dancause, Turcotte-Tremblay, Veru, 
& Laplante, 2012; O'Connor et al., 2003; Sandman & Davis, 2010; Slykerman et al., 2005; 
Tearne et al., 2014; Yehuda et al., 2005). The effects of prenatal maternal stress seem 
robust, having been established by animal studies and replicated in human samples 
across different countries with a wide range of methodologies and outcome measures 
(Bowers & Yehuda, 2016; Glover, 2014b; O'Connor, Monk, & Fitelson, 2014). Most of the 
effects are negative, representing a significant public health issue and demanding 
intervention in order to improve outcomes for both mothers and children (Glover, 
2014a; O'Connor et al., 2014).  
However, our understanding of the effects of prenatal maternal stress is 
imperfect, which makes it difficult to design effective interventions. It is more 
complicated than saying, “prenatal stress is bad”, as the effects are specific to the type of 
maternal stress (e.g., DiPietro et al., 2006), the area of child development (e.g., Cao, 
Laplante, Brunet, Ciampi, & King, 2014), the age at which the effect is measured (e.g., 
Huizink et al., 2002b), and the timing of stress exposure during gestation (e.g., Laplante, 
Zelazo, Brunet, & King, 2007). In addition, some effects are positive or curvilinear, rather 
than negative (e.g., DiPietro et al., 2006; Keim et al., 2011). Also, within each study not 
all children are affected, suggesting differential risk or the presence of moderating or 
mediating factors (Glover, 2014b). This makes it difficult to adequately assess which 
children are most at risk of enduring developmental deficits. 
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Several key areas need further clarification before we can design effective 
interventions to reduce the long-term impact of prenatal exposure to maternal stress: 1) 
We need to better understand how different types of prenatal stressors and stress 
reactions predict different areas of development; 2) We need to take this to the next 
level and investigate whether different types of prenatal stress work together, rather 
than in isolation, to predict development; 3) We need to better understand when effects 
on child development become evident, and how they progress over time; and, 4) We 
need to identify factors that can reduce the negative influence of prenatal maternal 
stress on child development.  
0.9 This thesis 
This thesis aims to understand the extent to which disaster-related prenatal maternal 
stress predicts child motor development across early childhood. It also explores 
whether maternal coping influences this relationship. It is broken into two parts:  
Part I: Prenatal maternal stress and child motor development:   
 Chapter 1 provides the background for the aspects of prenatal maternal stress 
investigated in this thesis, articulating the methodological difficulties of prenatal 
maternal stress research and the current gaps in our knowledge.  
 Chapter 2 is an empirical study of the relationship between prenatal maternal 
stress and child motor development at 16 months. It tests the link between 
different types of stress and different areas of development, moderated by sex 
and timing, and investigates how these different types of stress work together. It 
proposes a potential psychological mechanism of transmission for the effects of 
prenatal maternal stress. 
 Chapter 3 is an empirical study of the relationship between prenatal maternal 
stress and child development at 30 months. It investigates continuity and change 
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in results between 16 and 30 months and tests both the robustness of the 
proposed psychological mechanism of transmission and the theoretical relevance 
of the fetal programming hypothesis to this study.  
Part II: Maternal coping, maternal stress and child motor development: 
 Chapter 4 defines coping, explains the role of coping in the effects of stress, and 
reviews the small number of prenatal stress studies that have investigated 
coping. 
 Chapter 5 is an empirical study of whether coping predicts maternal stress and is 
thereby indirectly related to children’s motor development. It brings together the 
disaster cascade and the Lazarus and Folkman (1984) model to test the role of 
coping in the effects of prenatal stress. 
Chapter 6 draws the findings of the thesis together, discusses its limitations, and 
suggests areas for future research. 
The University of Queensland supports PhD candidates to include publications in 
their thesis. In line with this, the empirical studies have been written as journal articles. 
This practice greatly assists candidates to publish throughout their candidature, but it 
also changes the traditional structure of the written thesis and can introduce repetition 
between chapters. Several steps have been taken to reduce repetition. In Part I of the 
thesis, which focuses on prenatal stress, the literature review chapter (Chapter 1) is 
broad, providing the overall context. In contrast, the introductions for the empirical 
chapters (Chapters 2 and 3) are detailed and specific, as they are targeted towards 
developmental journals that require lengthy introductions. In Part II of the thesis, which 
focuses on coping, the literature review chapter (Chapter 4) is thorough and in-depth. 
The introduction for the empirical chapter (Chapter 5) is brief, as it is targeted towards 
a stress journal. There is some repetition between the Methods sections in the empirical 
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articles, particularly the description of the measures. The same measures are used in 
Chapters 2 and 3; an additional measure (the BriefCOPE) is introduced in Chapter 5. 
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CHAPTER 1: Prenatal maternal stress and child development 
 
1.1 Preface 
This chapter aims to provide the broad context for the research questions explored in 
Part I of this thesis. It highlights some key issues and questions within the prenatal 
maternal stress literature, complementing the in-depth explorations in the 
introductions for each of the included empirical papers. In particular, this chapter 
discusses: 1) the definition of stress used throughout this thesis; 2) the key findings 
from animal studies that gave rise to the questions investigated in the thesis; 3) the 
methodological issues in prenatal maternal stress research that this thesis was designed 
to overcome; 4) the effects of prenatal maternal stress in humans; and 5) the gaps in the 
current literature that this thesis aims to address. The chapter ends by linking the key 
points made in this chapter with the empirical articles that follow. 
 
1.2 Defining stress 
The term “stress” has been used in different ways by different researchers, often 
functioning as a broad label that fails to distinguish between a stressor and the related 
responses and ignores the underlying mechanisms that connect the two (Lazarus & 
Folkman, 1984). In this thesis, “stress” refers to an individual’s reaction to a potentially 
stressful event or situation (a “stressor”). More specifically, stress is the emotional, 
behavioural, and biological reactions to situations, challenges, or obstacles that are 
appraised as exceeding a person’s coping resources and thereby threatening their 
wellbeing (Carver, 1997; Levy-Shiff, Dimitrovsky, Shulman, & Har-Even, 1998; Martin & 
Brantley, 2004). Stress reactions reflect the relationship between the person and the 
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environment, which means that different individuals may react to similar events in very 
different ways (Lazarus & Folkman, 1984). For example, potentially stressful events like 
divorce happen to many people, but the associated outcomes depend on each 
individual’s cognitive appraisal of the event and the sufficiency of their coping and 
social support resources (Kendall & Terry, 2009; Lazarus & Folkman, 1984; Levy-Shiff 
et al., 1998).  
This thesis uses a large-scale urban flood as a prenatal stressor. Potentially 
traumatic stressors, like natural disasters, involve a discrete event that can be described 
by objective characteristics like the damage to property or the number of relocations, 
herein referred to as “flood exposure”. This thesis also measures three types of 
subjective flood-related stress reactions: distress and dissociation experienced during 
and immediately after the flood (“peritraumatic”), and posttraumatic stress symptoms 
(PTS) experienced in the longer-term. “Peritraumatic distress” includes feelings of fear, 
helplessness, horror, guilt, shame, anger and loss, as well as the perception of life threat 
(Lewis et al., 2014). It also includes physiological reactions such as loss of 
bowel/bladder control, shaking and elevated heart rate (Lewis et al., 2014). 
“Peritraumatic dissociation” includes feelings of numbness, detachment, and an altered 
sense of time or place (Lewis et al., 2014). “Posttraumatic stress”, diagnosed when 
symptoms endure for longer than one month after the traumatic event, is characterised 
by re-experiencing, avoidance, and increased arousal (Ozer, Best, Lipsey, & Weiss, 2003). 
 
1.3 Prenatal stress and offspring development: Animal studies 
Stress that occurs during pregnancy can have profound and enduring effects on the 
development of offspring (Graignic-Philippe, Dayan, Chokron, Jacquet, & Tordjman, 
2014; Sandman & Davis, 2010). The strongest evidence of this effect comes from animal 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT 
[30] 
 
studies, which show that a range of prenatal stressors (e.g., restraint, bright lights, social 
isolation) cause persistent negative effects across a number of developmental areas in 
offspring, including neurodevelopment, motor development, stress reactivity, cognition, 
attention, fearful and anxious behaviour, and immune and metabolic functioning 
(Beijers, Buitelaar, & Weerth, 2014; Beydoun & Saftlas, 2008; Huizink, Mulder, & 
Buitelaar, 2004). Further, animal studies articulate the nuances in the relationship 
between prenatal maternal stress and offspring development, with effects dependent on 
the type of maternal stress, the timing of stress exposure during gestation, the sex of the 
offspring, and the area of development (Bellinger, Lubahn, & Lorton, 2008). Animal 
studies have also shown that effects on offspring can be long-lasting, and may even be 
passed on to subsequent generations (Beijers et al., 2014).  
 
1.4 Methodological challenges in human studies of prenatal stress 
While animal studies have played a critical role in establishing that exposure to prenatal 
maternal stress can influence offspring development, these results cannot be neatly 
translated to human populations (Graignic-Philippe et al., 2014; Huizink et al., 2004). 
Key interspecies differences, such as gestational length, physiological systems and 
offspring maturity at birth, suggest that the relationship between prenatal stress and 
offspring development may function differently between animals and humans 
(Bellinger et al., 2008; Beydoun & Saftlas, 2008). However, it is not ethical or desirable 
to randomly allocate pregnant women to stressful conditions in order to replicate 
animal studies, and so prenatal stress research in human populations is largely 
observational rather than experimental (DiPietro, 2012; King et al., 2012). This research 
typically uses two broad categories of stress: stress that may occur as part of ordinary 
life, such as mental health issues or stressful life experiences, and extraordinary events, 
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such as natural disasters or terrorist attacks (Huizink et al., 2004). The findings of these 
studies are discussed in the next section, but first a discussion of the methodological 
challenges inherent in each type of study is presented. 
1.4.1 Studies using stress that can occur as part of ordinary life.  
The types of everyday stress typically used in prenatal stress studies include anxiety 
(e.g. Davis & Sandman, 2010; DiPietro et al., 2006; O'Connor et al., 2003), pregnancy-
specific anxiety (e.g., Buitelaar, Huizink, Mulder, de Medina, & Visser, 2003; DiPietro et 
al., 2006; Gutteling et al., 2005), depression (e.g., Azak, 2012; Davis & Sandman, 2010), 
stressful life events (e.g., Bergman et al., 2007; Grace, Bulsara, Robinson, & Hands, 
2015), daily hassles (e.g., Gutteling et al., 2005; Huizink et al., 2002b), and work stress 
(e.g., Chuang et al., 2011). Studies using these types of stress have several advantages, 
including a plethora of standardised and widely-used screening measures and a 
relatively high incidence in the population (Kingston, Tough, & Whitfield, 2012; Lobel, 
1994). However, in these studies it is difficult to make causal attributions between 
prenatal maternal stress and child development, or to isolate unique attributable 
variance (DiPietro, 2012). These types of stress are not randomly assigned, and can be 
at least partly due to maternal temperament, personality and current mental health 
status. This can influence self-reports of subjective stress, and, in addition, conditions 
like depression have a genetic component that can be shared by the child (DiPietro, 
2012; Glover, 2014a; King et al., 2012). It is also difficult to pinpoint the timing of stress 
exposure during gestation, as conditions like anxiety can be chronic and life events like 
divorce can have a long lead-time (King et al., 2012). 
1.4.2 Studies using disasters.  
Some of these limitations can be partly overcome by using extraordinary disasters 
instead of stress that can occur as part of ordinary life (Glover, 2014a). Population-based 
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disasters that affect a large number of people over a wide geographical area can 
function as a quasi-experimental design, as exposure to the events of the disaster is 
relatively random and is independent of maternal characteristics (DiPietro, 2012; King 
et al., 2012). Researchers can assess “objective” stress, which captures elements of 
disaster exposure such as the damage to property and possessions, witnessing of injury 
or death, the circumstances of the evacuation and the number of subsequent relocations 
(DiPietro, 2012; King et al., 2012). They can also measure “subjective” stress reactions to 
the disaster, including peritraumatic distress and dissociation and ongoing traumatic 
stress symptoms (King et al., 2012). Separating the stressor and stress response (i.e., 
objective and subjective stress) can increase the rigor of interpretation (Bowers & 
Yehuda, 2016). It is also possible to more accurately pinpoint the timing of stress 
exposure during gestation when using a disaster as a stressor (Bowers & Yehuda, 2016; 
Huizink et al., 2004; King et al., 2012). However, self-ratings of subjective stress are 
subject to the same bias as the measures included in studies of stress that occurs as part 
of ordinary life. In addition, while disaster exposure is relatively random, the ability to 
recover is not (DiPietro, 2012).  
 
1.5 Prenatal stress and offspring development: Human studies 
Despite these methodological challenges, similar results are seen between animals and 
humans when it comes to the relationship between prenatal maternal stress and 
offspring development. Perceived stress, work stress, daily hassles, life events, and 
natural disasters during gestation have been significantly associated with a range of 
developmental areas. These include delayed play and language development at 2 years 
(Laplante et al., 2007) and lower cognitive development at 8 months (Huizink et al., 
2002b), 14 to 19 months (Bergman et al., 2007), 2 years (Chuang et al., 2011; Laplante 
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et al., 2004), 3.5 years (Slykerman et al., 2005), and 5.5 years (Laplante, Brunet, Schmitz, 
Ciampi, & King, 2008). Prenatal stress is also related to poorer temperament at 6 
months (Laplante, Brunet, & King, in press), externalising behaviour at 2 years 
(Gutteling et al., 2005), and to internalising and externalising behaviour in children aged 
between 4 and 11.5 years (King et al., 2012). Higher levels of prenatal maternal stress 
have also been significantly associated with birth outcomes such as weight, length, and 
head circumference (Dancause et al., 2011), and with motor development at 2 years 
(Chuang et al., 2011), 5.5 years (Cao et al., 2014), and 10 to 14 years (Grace et al., 2015). 
High levels of cortisol, a key stress hormone, in late but not early pregnancy is 
associated with poorer motor development at both 3 months and 8 months (Buitelaar et 
al., 2003).  
Not all of the reported associations between prenatal maternal stress and child 
development are negative. One study (DiPietro et al., 2006), found that higher prenatal 
maternal stress was associated with better motor development at 2 years, and Gutteling 
et al. (2005) found that higher perceived stress during pregnancy was associated with a 
less restless and disruptive temperament at 2 years. Other studies report non-
significant results for motor development (Buitelaar et al., 2003; Davis & Sandman, 
2010), or curvilinear results for cognitive development (Laplante et al., 2008). 
It may seem from these findings that the influence of prenatal maternal stress is 
broad, with any type of maternal stress predicting alterations to child development. 
However, within the same study different types of stress can predict different areas of 
development (Cao et al., 2014). Also, it is possible that some types of prenatal stress can 
have different patterns and directions of effect for different areas of child development, 
for example improving cognitive development but increasing symptoms of anxiety 
(Glover, Ahmed-Salim, & Capron, 2016). This may be because different types of stress 
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have different underlying biological responses, or because they affect the development 
of different areas of the brain.  
It is clear from these studies that, “stress undeniably and profoundly influences 
the developing human fetus, with consequences that persist into childhood and very 
likely for the entire lifespan” (Sandman & Davis, 2010, p. 683). However, key gaps 
remain in our knowledge that can only be addressed by well-designed prenatal stress 
research. 
 
1.6 Designing prenatal maternal stress research 
There are several principles to consider when designing robust prenatal maternal stress 
studies. These particularly relate to the source of information, the measurement of 
potential confounders, and the timing of stress exposure and measurement.  
1.6.1 Source of information.  
Ideally, child development should be rated by researchers rather than mothers, as 
mothers who are stressed prenatally are also likely to be stressed postnatally (Glover, 
2014a; Levy-Shiff et al., 1998; Slykerman et al., 2005) and this can confound the 
independent and dependent measures (DiPietro, 2012).  However, maternal report is an 
integral part of developmental research (DiPietro, 2012) due to the mother’s knowledge 
of her own child’s behaviour and abilities, and so researchers may choose to incorporate 
both.  
1.6.2 Potential confounds.  
The measurement of potential confounds is another critical element of study design 
(Glover, 2014a; Graignic-Philippe et al., 2014; Kingston et al., 2012). Postnatal stress 
must be measured in order to better isolate unique variance attributable to prenatal 
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stress (DiPietro, 2012). It is also important to measure maternal mental health, such as 
anxiety and depression, as prenatal and postnatal mental health can influence child 
development (Azak, 2012; McManus & Poehlmann, 2012). Perhaps the most difficult 
covariate to overcome is the problem of heritability between mothers and children, 
which can predict behavioural or temperamental outcomes, and the only research 
design likely to counter this problem is one that uses assisted reproductive technologies 
where the genetic material may be related or unrelated to the mother (Rice et al., 2010; 
Thapar et al., 2009).  
1.6.3 Timing.  
The timing of measurement is another critical element of design. Studies need to be 
prospective, as retrospective recall of stressful events can be inaccurate, and 
longitudinal, in order to measure emergence and progression of any relationships 
between prenatal maternal stress and child development (Beydoun & Saftlas, 2008; 
Glover, 2014a; Graignic-Philippe et al., 2014; Huizink et al., 2004; Lobel, 1994). To 
pinpoint timing effects, studies should include mothers exposed to stress in different 
trimesters (Graignic-Philippe et al., 2014).  
 
1.7 Knowledge gaps 
Despite accumulating research demonstrating the relationship between prenatal 
maternal stress and child development, several gaps remain in our understanding. 
These include: understanding how different types of stress can work together instead of 
independently to predict development; identifying the mechanisms of transmission for 
the effects of prenatal stress; investigating continuity and change in relationships over 
time; and exploring variables that can explain or reduce negative effects. Each of these 
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gaps has implications for the design of prenatal stress studies, and is critical for 
implementing interventions to reduce the negative effects of prenatal maternal stress. 
1.7.1 The relationship between different types of stress.  
The majority of prenatal stress studies include more than one type of maternal stress, 
which has led to our understanding that different types of stress predict different areas 
of development (e.g., DiPietro et al., 2006). However, very few studies investigate 
whether different types of stress work together to predict child development. This is a 
critical gap in our understanding because different types of stress commonly occur 
together (DiPietro, 2012; van Batenburg-Eddes et al., 2009), and effects can differ when 
stressors are studied in combination rather than in isolation (Beijers et al., 2014). For 
example, King et al. (2012) found that objective exposure to an ice storm did not have a 
significant main effect on child internalising at 4 years. However, storm exposure 
interacted with subjective storm-related stress: when mothers reported high subjective 
stress, child internalising problems were higher regardless of the level of maternal 
storm exposure, but when mothers reported low subjective stress, internalising 
problems increased as storm exposure increased. If the relationship between different 
types of stress had not been investigated, the researchers would have incorrectly 
concluded that maternal storm exposure was unrelated to child internalising 
behaviours. 
The compounding effect of different types of stress has also been demonstrated 
in the literature on potentially traumatic events. Exposure to a potentially traumatic 
event can trigger immediate (peritraumatic) reactions of distress or dissociation, and 
these can predict subsequent posttraumatic stress (Brunet, Weiss, Metzler, Best, & et al., 
2001; Thomas, Saumier, & Brunet, 2012). For example, Nishi et al. (2010) found that 
motor vehicle accidents predicted peritraumatic distress, which in turn predicted 
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ongoing posttraumatic stress symptoms. Boelen (2015) found that the relationship 
between the loss of a loved one and subsequent posttraumatic stress was mediated by 
peritraumatic distress and dissociation. Despite some debate about the specific role of 
peritraumatic distress and dissociation in predicting ongoing traumatic stress (Nishi et 
al., 2010; Otis, Marchand, & Courtois, 2012), these findings suggest that stress reactions 
are interrelated. However, this cascade of stress reactions has not yet been tested in the 
prenatal maternal stress literature.  
1.7.2 Mechanisms of transmission.  
Another key gap in our knowledge is understanding how the effects of maternal stress 
are transmitted to the developing fetus. There are two key theoretical frameworks that 
link prenatal exposures to later risk of disease. The first is the fetal origins of adult 
disease, or fetal programming. This was first posited by Barker, who linked fetal 
nutrition in different trimesters of gestation to cardiovascular disease in later life 
(Barker et al., 1993). This theory emphasises the primacy of prenatal events (Gluckman 
& Hanson, 2006b). The second theory, the developmental origins of health and disease, 
incorporates the concept of fetal programming but also includes postnatal events, 
reflecting the importance of brain plasticity during early childhood (Gluckman & 
Hanson, 2006b).  
Within these theoretical frameworks, is considerable debate regarding potential 
mechanisms of transmission of the effects of prenatal maternal stress. The majority of 
the proposed mechanisms regard prenatal stress as a teratogen. Teratogens can disrupt 
development at the level of gross structure, sub structure or organ function and have no 
adaptive value (Gluckman & Hanson, 2006a). Effects are specific to certain tissues and 
can have temporary or delayed effects (Gluckman & Hanson, 2006a). Teratogens that 
have a small effect on the mother can have a large effect on the fetus (Gabbard, 2012). 
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One example of this is neuroendocrine development, where small changes to the 
intrauterine environment can disrupt the development of the fetal HPA axis (Sloboda, 
Newnham, Moss, & Challis, 2006), which may be why physiological cascades of stress-
related hormones have received the most research attention as potential mechanisms of 
transmission (DiPietro, 2012; Glover, 2014b; O'Connor et al., 2014; O’Donnell & Glover, 
2008; Van den Bergh, Loomans, & Mennes, 2015). When the mother experiences anxiety 
or stress, her HPA axis releases increased amounts of cortisol and Corticotropin 
Releasing Hormone (CRH) and can also suppress the activity of the placental barrier 
enzyme 11β -Hydroxy Steroid Dehydrogenase Type 2 (11β -HSD2) (Charil, Laplante, 
Vaillancourt, & King, 2010; Graignic-Philippe et al., 2014; O'Connor et al., 2014). This 
allows an increased amount of cortisol and CRH to cross the placental barrier, which can 
potentially disrupt neuronal development or deregulate the fetal HPA axis, increasing 
the risk of long-term alterations in child developmental areas such as cognition (Charil 
et al., 2010; Davis & Sandman, 2010; Huizink et al., 2002b). Physiological and 
psychological stress reactions are closely interlinked (Ursin & Olff, 1993), yet little 
attention has been paid to psychological cascades. The psychological sequelae following 
exposure to a natural disaster may be another mechanism of transmission for the effects 
of prenatal maternal stress, but this has not yet been tested. 
However, cortisol is not always related to maternal mood, and the small 
relationships found suggest that cortisol is not the only mediator (Glover et al., 2016). 
Additional or alternative mechanisms include infection and inflammation, as cytokines 
may affect brain development or alter the functioning of the placenta (Glover et al., 
2016; Rees, Harding, & Inder, 2006). Epigenetic mechanisms may change the 
myelination, influencing placental 11B-HSD2 or offspring glucocorticoid receptors 
(Glover et al., 2016). Adrenalin, part of the stress response, can reduce blood flow 
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(Gabbard, 2012). In animal studies, prenatal stress causes reduced cell proliferation and 
increased cellular apoptosis in several brain regions, and the effects from these brain 
abnormalities can manifest at different time points across development (Schuurmans & 
Kurrasch, 2013). 
In contrast to the teratogenic view, the Predictive Adaptive Response theory 
states that some prenatal developmental disruptions result in a delayed adaptive 
advantage (Gluckman & Hanson, 2006a). For example, altered programming of the fetal 
HPA in response to maternal stress is advantageous if the postnatal environment is 
stressful (Gluckman & Hanson, 2006a; Sandman, Glynn, & Davis, 2016). However, when 
there is a mismatch between the prenatal and postnatal environment, this change to 
development can result in an elevated risk of disease or developmental disadvantage 
because the prenatal prediction was incorrect (Gluckman & Hanson, 2006a).  
A clear understanding of the mechanisms of transmission is perhaps one of the 
most critical knowledge gaps in this body of literature.  
1.7.3 Continuity and change in effects.  
These theories – fetal programming, the developmental origins of health and disease 
and brain plasticity during early infancy – are integral to understanding the relationship 
between prenatal exposures and postnatal development. The fetal programming 
hypotheses suggests that the influence of prenatal insults on development will endure 
once it manifests (Beydoun & Saftlas, 2008; O'Donnell, Glover, Barker, & O'Connor, 2014; 
Sandman, Davis, Buss, & Glynn, 2012). The developmental origins of health and disease 
theory broadly agrees with this position, however it suggests that prenatal changes can 
be either an advantage or disadvantage and that the continuity or longevity of effects is 
greatly influenced by the postnatal environment due to the high degree of plasticity in 
the infant brain. However, many prenatal stress studies do not directly test these 
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theories as they only measure child development at one point in time (O'Donnell et al., 
2014). Emergence and continuity in effects across early childhood need to be explicitly 
assessed to address this knowledge gap. 
1.7.4 Explaining and reducing the negative effects of prenatal maternal stress.  
Perhaps the most critical gap in the prenatal stress literature is knowledge of variables 
that can explain and reduce negative effects. Prenatal maternal stress predicts a 
substantial amount of variance in a large number of child developmental areas, which 
suggests that this is a significant public health issue and calls for intervention to reduce 
maternal stress and improve developmental trajectories (O'Connor et al., 2014; 
O'Donnell et al., 2014). However, interventions need to be evidence-informed and to 
date there is very little research on variables that can explain or reduce the effects of 
prenatal maternal stress (Glover, 2014b). A small number of animal and human studies 
have shown that high quality postnatal caregiving can ameliorate some of the effects of 
prenatal stress in early childhood (Bellinger et al., 2008; Bowers & Yehuda, 2016), but it 
is important to investigate whether prenatal interventions can reduce the magnitude or 
incidence of negative postnatal effects, or even prevent them. Lazarus and Folkman 
(1984) explain that the effects of stress on health are mediated by cognitive appraisal 
and coping, both of which are amenable to intervention. Coping can reduce the negative 
psychological effects of potentially traumatic events (Bosmans & van der Velden, 2015), 
and reduce distress during pregnancy (Huizink, de Medina, Mulder, Visser, & Buitelaar, 
2002a). There is some evidence that, in response to Hurricane Katrina, maternal coping 
strategies reduced the negative impact of this stressor on mothers’ subsequent mental 
health (Oni, Harville, Xiong, & Buekens, 2012), and were also related to reduced 
pregnancy complications (Oni, Harville, Xiong, & Buekens, 2015). In the only study that 
could be found regarding maternal coping, prenatal stress and child development, Zhu 
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et al. (2015) found that higher maternal avoidant coping increased the risk of maternal-
rated Attention-deficit Hyperactivity Disorder (ADHD) symptoms in children following 
prenatal exposure to stressful life events. Maternal coping may mitigate the negative 
effects of prenatal maternal stress on child development, but investigations of coping in 
the prenatal stress literature are only in the preliminary stages.  
 
1.8 The Queensland Flood Study (QF2011) 
There is substantial evidence that prenatal maternal stress is associated with enduring 
effects on child development across a range of different areas. This suggests an urgent 
need for intervention in order to improve maternal outcomes and optimise children’s 
developmental trajectories. However, the current gaps in our understanding prevent 
the design of effective intervention. This thesis is part of the Queensland Flood Study 
(QF2011) and has been designed to address some of these knowledge gaps.  
1.8.1 The Queensland Flood 
The state of Queensland, Australia, experienced four La Nina events in 2010 to 2011, 
leading to record rainfall that soaked the water catchments (van den Honert & 
McAneney, 2011). In January of 2011, a low-pressure system and an upper level trough 
caused heavy rainfall across the saturated catchments, forcing dam operators to release 
water in order to preserve the integrity of the dam wall (van den Honert & McAnerney, 
2011). These events combined with severe storms led to a massive flood in January 
2011, which hit the town of Toowoomba and swept down the Lockyer Valley and 
through Brisbane. Disaster zone status was granted to 78% of the state, which is a land 
area approximately the size of Germany and France (Queensland Floods Commission of 
Inquiry, 2012). Floodwaters inundated approximately 29,000 properties and affected 
2.5 million people, including 33 people who were killed (Queensland Floods 
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Commission of Inquiry, 2012).  The short-term impact on the population was severe, 
with 3,600 homes evacuated and approximately 12,000 people accommodated at 34 
evacuation centres. Long-term, roads and rail were extensively affected, and there were 
56,200 insurance claims. A vast number of properties needed repair, with approximately 
28,000 homes needing to be rebuilt (van den Honert & McAnerney, 2011).  
1.8.2 Study design 
Full details of the overall QF2011 study design can be found in the protocol paper (King 
et al., 2015) and a detailed explanation of the specific measures and their psychometric 
properties included in this thesis can be found in Chapters 2, 3 and 5. Briefly, data 
collection for the aspects of the QF2011 study included in this thesis occurred at 
recruitment, 12 months post-flood, and when the study child was aged 16 and 30 
months of age. Surveys at recruitment and 12 months post-flood included measures of 
flood exposure, peritraumatic distress, peritraumatic dissociation, post-traumatic stress 
and coping. Surveys at 16 and 30 months included measures of stressful life events, 
maternal mental health and parenting stress. Child motor development was assessed by 
researchers at 16 and 30 months of age. 
1.8.3 Recruitment 
Recruitment for the QF2011 study began in April 2011, once ethical approval was 
received, and finished in January 2012, 12 months after the flood. To recruit 
participants, QF2011 partnered with an existing Randomised Controlled Trial (RCT) on 
midwifery group practice at the Mater Mothers’ Hospital in Brisbane (M@NGO; Tracy et 
al., 2011). Recruitment involved women enrolled in M@NGO and women who attended 
the antenatal clinic at the hospital (which includes both public and private patients) 
Participant numbers at each stage of the study can be seen in Figure 1.  
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297 
Women expressed 
interest 
 
  
     
230 
Women completed 
initial surveys 
 
67 
Women refused/ 
lost to follow-up 
     
227 
Women contactable 
at 16 months 
 
  
     
181 Women consented 
 
46 
Women refused/ 
lost to follow-up 
 159 Surveys    
 151 Assessments    
      
211 
Women contactable 
at 30 months 
 
16 
Women refused/ 
lost to follow-up 
     
183 Women consented  28 Women refused 
 155 Surveys    
 158 Assessments    
 
Figure 1.1. Number of participants at each stage of the study.  
 
Women were eligible to participate in the QF2011 study if they were: aged 18 
years or over; pregnant with a singleton pregnancy; present in or near Brisbane on 
January 10, 2011; fluent in English; and able to provide informed consent.  
1.8.4 Participants 
A total of 230 women were recruited to the QF2011 study. Lab-based assessments of 
child motor development were conducted for 145 children at 16 months of age and 150 
children at 30 months of age.  
 Demographic information is presented in Table 1.1. Overall, the sample is well 
educated, with 64.3% completing further education or training post-secondary school, 
and well resourced, with 53.9% of study families with a before-tax yearly income of at 
least $52,000. The majority of the women (81.3%) were living with a partner.  
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At the birth of the study child, the mother’s age ranged between 18 to 49 years, 
with the majority between 30 and 39 years. There are an equal amount of boys and girls 
in the study. Gestation of study children ranged from 25 to 42 weeks with an average of 
39.20 weeks (SD = 1.73). Birthweight ranged from 595 to 5160 grams, with an average 
of 3517.34 grams (SD = 524.37). 
  
Table 1.1. Demographic information for the sample at recruitment (N = 230). 
 n % 
Marital status   
  Married/defacto    187 81.3 
  Divorced/separated 2 0.9 
  Single/never married 28 12.2 
Ethnicity    
  Caucasian 213 92.6 
  Othera 8 3.5 
Household incomeb   
  Less than $34,000 18 7.8 
  $34,001 - $52,000 24 10.4 
  $52,001 - $73,000 34 14.8 
  $73,001 – 104,000 40 17.4 
  More than $104,000 50 21.7 
Education   
  Did not complete secondary school 17 7.4 
  Apprenticeship or certificate 34 14.8 
  Diploma 23 10.0 
  Degree 91 39.6 
Mother’s age at birth of child   
  18-19 years 4 1.7 
  20-29 years 90 39.1 
  30-39 years 114 49.6 
  40-49 years 9 3.9 
Parity   
  0 117 50.9 
  1 or more 100 43.5 
Trimester of flood exposure   
  1 95 41.3 
  2 91 44 
  3 44 19.1 
Sex of child   
  Male 117 50.9 
  Female 113 49.1 
a “Other” includes black, Asian, South American and Pacific Islander.  
b Yearly income before tax.  
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 In contrast to the relative homogeneity of the demographic characteristics, the 
flood experiences of the sample were varied. Scores on the QFOSS ranged from 2 to 81, 
indicating a range of flood exposure. Scores on the PDEQ ranged from 0 to 32, indicating 
variability in the level of flood-related dissociation reported. Scores on the PDI ranged 
from 0 to 32, with 69.1 percent of the sample scoring 14 or above, indicating the 
potential to develop partial or full PTSD, and 5.7 percent scoring 28 or above, indicating 
a high likelihood of developing PTSD (Guardia et al., 2013). Scores on the IES-R ranged 
from 0 to 66, with 6.5 percent of the sample scoring 24 or above, suggesting the 
presence of partial post-traumatic stress disorder (Weiss & Marmar, 1997). Thirteen 
women (5.7%) indicated that their life was in danger during the flood. 
1.8.5 Sample size and power 
It is difficult to conduct an accurate power analysis for the studies included in this PhD 
because no prenatal stress studies have included peritraumatic distress and 
dissociation, and no prenatal stress studies have measured fine and gross motor 
development (instead focusing on an overall motor composite score). This makes it 
difficult to accurately estimate potential effect sizes and so power calculations are 
unlikely to be reliable. 
In lieu of a statistical power calculation, a comparison has been made with the 
sample sizes of other relevant studies. The sample size for the overall QF2011 study is 
230, and for the three empirical studies included in this thesis is 145 (Chapter 2) and 
150 (Chapters 3 and 5). The closest comparison study is Project Ice Storm. The sample 
size in this study ranges from 75 to 160 families, with significant effects found in the 
child developmental areas of IQ, language and behaviour (King et al., 2015).  Specifically 
related to motor development, significant effects were found in a sample of 89 Ice Storm 
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children at age 5.5 years (Cao et al., 2014). In other longitudinal prenatal stress studies 
that report significant relationships between prenatal maternal stress and child motor 
development, sample sizes are: 94 to 137 (DiPietro et al., 2006); 170 to 230 (Buitelaar 
et al., 2003); 186 (Chuang et al., 2011); and 1,222 to 2,900 (Grace et al., 2015). While 
large samples are desirable, it is anticipated that the sample sizes for the studies 
included in this PhD will have sufficient statistical power to find significant 
relationships.  
1.8.6 Focusing on motor development 
This thesis focuses on motor development. The cerebral cortex, cerebellum, basal 
ganglia, brainstem and spinal cord are the main brain structures involved in motor 
development (Piek, 2006). The cerebellum is associated with smooth coordinated 
movements including timing, motor learning and the regulation of muscle tone (Piek, 
2006). The cerebral cortex is involved in complex motor behaviours, driving the precise 
movements of the arms, hands, fingers and feet (Gabbard, 2012). The motor cortex is 
involved in planning and executing coordinated movements and controls fine motor 
muscles, reaching adult proportions at 2.5 years of age (Gabbard, 2012). The basal 
ganglia integrate sensory movement, planning and coordination of movements and 
control fundamental gross body movements (Gabbard, 2012).  
During gestation, brain development progresses from the brainstem to the 
cerebral hemispheres to the cerebellum (Rees et al., 2006). Prenatal insults during these 
periods of sensitivity determine the type of brain injury and the extent to which it will 
influence functioning (Glover et al., 2016; Rees et al., 2006). The protracted period of 
some of these brain regions make them more vulnerable to prenatal insults; for 
example, the cerebellum begins to assume some prominence from 16 weeks gestation 
(Garel, Fallet-Bianco, & Guibaud, 2011). Myelination, which enables the neural 
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conduction necessary for the neurogenic movements generated by the CNS, begins at 10 
weeks gestation and continues into the third year of life (Piek, 2006). It is associated 
with the acquisition of motor skills and enables more complex fine and gross motor 
movements (Eckert, 1987; Gabbard, 2012). The timing of myelination varies in different 
brain regions, starting in the motor roots 4 to 5 months before birth, in the spinal cord 
in the second trimester, and in the descending motor tracts (the pathway from the 
motor cortex) one month before birth and finishing at 2 years of age (Gabbard, 2012). 
Both brain development and myelination can be influenced by prenatal maternal stress 
(Schuurmans & Kurrasch, 2013).  
However, because brain development and myelination continue after birth, 
postnatal events can also influence motor development. The brain is highly plastic until 
structural and functional organogenesis is complete, creating a critical period where the 
quality and quantity of postnatal sensory experiences increase neural pathways, 
suggesting that variations in physical activity are associated with variations in brain 
development (Gabbard, 2012; Gluckman & Hanson, 2006a; Piek, 2006). This means that 
children who miss opportunities for sensory experiences may not develop the brain 
circuitry’s full potential for specific functions, but it can also mean that experience can 
improve outcomes, identifying a clear window for early intervention (Gabbard, 2012; 
Piek, 2006). The window for general movement (cerebellum) is to 2 years, for gross 
motor is to 5 years and for fine motor is to 9 years (Gabbard, 2012).  
 Fine and gross motor development are driven by different brain regions, with 
different albeit overlapping periods of sensitivity, but these distinct areas of motor 
development have not yet been explored separately in the prenatal stress literature. 
This is largely because many prenatal stress studies use the Bayley II, which assesses 
fine and gross motor development together under the psychomotor scale. The Bayley 
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III, used in this thesis, enables separation of these functions and will allow investigation 
of differential rather than combined effects.  
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CHAPTER 2: A potential psychological mechanism linking disaster-
related prenatal maternal stress with child motor development at 16 
months: The QF2011 Queensland Flood Study 
 
2.1 Preface 
This empirical chapter begins to address the first aim of this thesis: to understand the 
extent to which disaster-related prenatal maternal stress predicts child motor 
development across early childhood. Specifically, it investigates which types of maternal 
stress predict which areas of child motor development, and uses a novel modelling 
approach to test whether these different types of stress work together, rather than just 
in isolation, to predict child development. The 16 month assessment was the first face-
to-face interaction between researchers and the QF2011 children, and was well-timed to 
capture the motor development transition from crawling to walking.   
 The design of this study was shared between myself (50%) and my supervisors, 
and the developmental assessments were conducted by me (50%) and the other 
members of the research team. I was wholly responsible for the statistical analysis, 
including the modelling approach, and for writing the paper, on which my supervisors 
(Vanessa Cobham, Gabrielle Simcock, and Suzanne King) and other research team 
members (David P. Laplante, Guillaume Elgbeilli and Sue Kildea) provided wise and 
timely feedback. The article in this chapter is currently under a revise and resubmit at a 
developmental journal.  
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2.2 Abstract 
Fetal exposure to prenatal maternal stress is related to lifelong consequences, with 
different types of maternal stress associated with different areas of child development. 
Fewer studies have focused on motor skills, even though they are strongly predictive of 
later development across a range of domains. Research on mechanisms of transmission 
has identified biological cascades of stress reactions, yet psychological stressors are 
typically studied in isolation. This study investigates the relationship between different 
aspects of disaster-related prenatal maternal stress and child motor development, 
explores how stress reactions act together to predict development, and proposes a 
cascade of stress reactions as a psychological mechanism of transmission. Mothers in 
the Queensland Flood Study (QF2011) exposed to a major flood during pregnancy 
completed questionnaires assessing flood exposure, peritraumatic distress and 
dissociation, posttraumatic stress (PTS), and their cognitive appraisal of the overall 
flood consequences. At 16 months post-partum, children’s (N = 145) fine and gross 
motor development was assessed using the Bayley-III. Individually, maternal PTS and 
negative cognitive appraisal were significantly negatively related to child motor 
development, but only when flood exposure occurred from mid-gestation onwards. 
Together, a cascade of stress reactions linked maternal flood exposure to poorer child 
fine motor development. These findings suggest that the way stress reactions operate 
together is as important as the way they operate in isolation, and identifies a potential 
psychological mechanism of transmission for the effects of prenatal stress. Results have 
implications for conceptualising prenatal stress research and optimising child 
development in the wake of natural disasters.  
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2.3 Introduction 
Maternal stress during pregnancy is associated with long-lasting influences on the 
development of offspring, with effects evident in early infancy and persisting into early 
adulthood (Graignic-Philippe et al., 2014; Sandman & Davis, 2010). The biopsychosocial 
mechanisms of transmission between prenatal stress and subsequent child 
development are still under investigation (Beijers et al., 2014; Grigorenko, Cicchetti, 
Monk, Spicer, & Champagne, 2012). Findings so far suggest that biological cascades 
involving stress-related hormones may play a role, yet psychological stressors are 
typically studied in isolation. Different types of stress during pregnancy, such as natural 
disasters, life events, perceived stress, work stress and daily hassles, have been 
individually associated with different areas of child developmental, including birth 
outcomes, play, cognition, language, temperament, and behaviour (Bergman et al., 2007; 
Chuang et al., 2011; Dancause et al., 2011; Gutteling et al., 2005; Huizink et al., 2002b; 
King et al., 2012; Laplante et al., 2004; Laplante et al., in press; Laplante et al., 2007; 
Slykerman et al., 2005). Few prenatal stress studies focus on child motor development 
(Sandman & Davis, 2010), even though early motor development predicts later 
development in a range of areas and delays in motor development can result in delays 
elsewhere (Bornstein, Hahn, & Suwalsky, 2013). 
It is essential to better understand the relationship between prenatal maternal 
stress and subsequent child motor development, given the potent influence of prenatal 
stress and the importance of early motor skills to later child development. Furthermore, 
theories of the biological mechanisms of transmission suggest it would be beneficial to 
explore whether maternal psychological reactions exert combined, and not just unique, 
influences on child development. This study aims to investigate how different aspects of 
disaster-related prenatal maternal stress relate to child motor development at 16 
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months, and tests a novel cascade of stress reactions as a potential psychological 
mechanism of transmission.  
2.3.1 Prenatal Maternal Stress and Child Motor Development 
Defining Stress. “Stress” can be defined as the emotional, behavioural, and 
physiological responses to a situation that is appraised as exceeding a person’s coping 
resources and threatening their wellbeing (Carver, 1997; Lazarus & Folkman, 1984; 
Levy-Shiff et al., 1998). Stress is associated with adverse impacts on both physical and 
mental health (Holahan & Moos, 1985; Kessler, Price, & Wortman, 1985; Razurel, Kaiser, 
Sellenet, & Epiney, 2013). When stress occurs during pregnancy it can also influence the 
developing fetus, with potential lifelong consequences (Barker et al., 1993; Martin & 
Brantley, 2004; Sandman & Davis, 2010).  
The differential effects of maternal stress. However, this picture is more 
nuanced than simply saying that stress during pregnancy is harmful. Some studies have 
found positive or curvilinear effects, with low to moderate amounts of stress predicting 
better development (e.g., DiPietro et al., 2006; King et al., 2012). Other studies have 
found differential effects, where stress is associated with one area of development but 
not another. For example, prenatal anxiety and depression are associated with different 
areas of development (Keim et al., 2011; van Batenburg-Eddes et al., 2009) and the same 
is true for prenatal stress. For example, Laplante et al. (2004) found that at 2 years of 
age the severity of prenatal exposure to an ice storm predicted cognitive development, 
language and play, yet the posttraumatic stress symptoms associated with the storm 
only predicted play. In a national cohort study, Tegethoff, Greene, Olsen, Schaffner, and 
Meinlschmidt (2011) also found that while there was some overlap, exposure to 
prenatal life stress and emotional stress predicted different health outcomes in later 
childhood (3.6 – 8.9 years old). Other studies show a similar pattern (e.g., Davis & 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT 
[53] 
 
Sandman, 2010; DiPietro et al., 2006; Huizink et al., 2002b), demonstrating that prenatal 
stress has differential effects on child development.  
The influence of timing and sex. A potential explanation for differential effects 
may be the timing of stress exposure during gestation and the sex of the child. Fetal 
organs and systems, in particular different regions of the brain, mature at different 
times throughout pregnancy, suggesting that periods of vulnerability vary, and this may 
be one reason why stress at a particular time influences different areas of development 
in different ways, (O’Donnell & Glover, 2008). For example, research by King, Laplante 
and colleagues (for a summary see King et al., 2012) shows that the timing of stress 
exposure during pregnancy was associated with motor and cognitive development but 
not internalising and externalising behaviour. In prenatal stress studies where results 
have been non-significant for some areas of child development, this may have been 
because these areas were not in a critical stage of development at the time of stress 
exposure. 
The relationship between prenatal stress and child development can also differ 
according to the sex of the child (Glover & Hill, 2012). Both animal and human studies 
show that male and female fetuses respond differently to prenatal adversity, laying the 
foundation for sexually dimorphic trajectories of development (Ellman et al., 2008; 
Sandman & Davis, 2010; Sandman et al., 2012). It is theorised that, “…males are more 
vulnerable to developmental insults, including prenatal adversity, than females” 
(Sandman & Davis, 2010, p. 682), yet females may be more vulnerable to ongoing 
developmental consequences (Sandman, Glynn, & Davis, 2013). This may be due to 
different responses to elevated glucocorticoids by male and female placentae (Clifton, 
2010). However, some prenatal stress studies have failed to find sex differences in the 
relationship between prenatal maternal stress and child development (e.g., DiPietro et 
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al., 2006). Despite some mixed results, studies that do not account for the sex of the 
child may overlook important relationships. 
2.3.2 Mechanisms of transmission 
Psychological stress triggers cascades of physiological reactions, and these have been 
investigated as potential pathways of the effects of prenatal stress to the developing 
fetus. For example, in response to stress, the hypothalamic-pituitary-adrenal (HPA) axis 
releases a range of hormones, including cortisol (Beijers et al., 2014). Cortisol is 
essential for fetal development and thus can cross the placental barrier. However, high 
or low levels of cortisol at the wrong time can disrupt development, for example by 
affecting myelination in the brain (Martin & Dombrowski, 2008; Sandman et al., 2012). 
This biological cascade may be one mechanism by which prenatal maternal stress 
influences child development (Beijers et al., 2014; DiPietro, 2012; Martin & 
Dombrowski, 2008; O'Connor et al., 2014). Several studies have shown that exposure to 
elevated maternal cortisol during gestation predicts elevated cortisol level in childhood 
(Davis, Glynn, Waffarn, & Sandman, 2011; O'Connor, Bergman, Sarkar, & Glover, 2013; 
Pluess & Belsky, 2011). Although several studies on cortisol in human populations have 
been nonsignificant (Beijers et al., 2014), a number of prenatal stressors have been 
related to cortisol secretion in childhood, underlining the importance of the HPA axis as 
a potential mechanism of transmission (Pearson, Tarabulsy, & Bussie res, 2015). Another 
potential mechanism may be catecholamines, such as adrenaline and noradrenaline, 
which are released in response to stress (Beijers et al., 2014). Catecholamines can 
restrict blood flow to the fetus and may cross the placenta, with potential impacts upon 
fetal development (Beijers et al., 2014), although this hypothesis has less research 
support (O'Connor et al., 2014). Chain reactions such as these acknowledge that the 
physiological aspects of stress are complex and interlinked, yet the psychological 
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aspects of prenatal stress are often studied in isolation. Even when different types of 
stress are included in the same study, the relationships between them and their joint 
influence on child development are rarely investigated. 
2.3.3 Why focus on motor development? 
Few prenatal stress studies have focused on motor development. However, motor 
functioning during infancy is important because increased mobility operates as a 
gateway to other developmental experiences, with transitions such as crawling to 
walking enabling infants to learn and interact in new ways (Herbert, Gross, & Hayne, 
2007; Kopp, 2011). Aspects of motor development within the first 12 months of age 
predict motor development at 2 years (Rose-Jacobs, Cabral, Beeghly, Brown, & Frank, 
2004), language from 2 to 4 years (Siegel, 1979, 1982), cognitive development at 2 years 
and school age (Piek, Dawson, Smith, & Gasson, 2008; Siegel, 1983), eye-hand 
coordination at 5 years (Siegel, 1983), attention at 8 years (Friedman, Watamura, & 
Robertson, 2005), and school achievement at 14 years (Bornstein et al., 2013). Delays in 
motor development may cause delays in other areas (Quinnell, 2001); conversely, 
reducing delays in motor development may have positive flow-on effects across several 
domains. 
 As with other areas of development, the relationship between prenatal maternal 
stress and child motor skills appears highly dependent on the type of stress measured. 
Stress associated with daily life is usually non-significant as a predictor of motor 
development (Bergman et al., 2007; Buitelaar et al., 2003; Davis & Sandman, 2010; 
Huizink, Robles de Medina, Mulder, Visser, & Buitelaar, 2003), although there are two 
exceptions. DiPietro et al. (2006) found a positive relationship between maternal 
hassles and perceived stress at mid pregnancy and child motor development at two 
years, with higher hassles and stress predicting better motor development. Grace et al. 
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(2015) found a negative relationship between maternal prenatal life events and child 
neuromotor development at 10, 14 and 17 years, with more events predicting poorer 
development. Stress or anxiety related specifically to the pregnancy is more consistently 
associated with poorer child motor development (Buitelaar et al., 2003; Chuang et al., 
2011; DiPietro et al., 2006), although in one study, pregnancy-specific anxiety 
throughout pregnancy did not predict child motor development at 3, 6, or 12 months of 
age (Davis & Sandman, 2010). Findings for the stress-related hormone cortisol are 
mixed, with one study reporting that elevated maternal cortisol predicted poorer child 
motor development at 3 and 8 months (Huizink et al., 2003) and another study finding 
no relationship (Davis & Sandman, 2010).  
2.3.4 Disaster-related Prenatal Maternal Stress 
Studies of prenatal maternal stress have typically relied on stressors such as daily 
hassles and pregnancy-specific anxiety due to ethical considerations that preclude 
random assignment of pregnant mothers to stressful conditions (King et al., 2012; 
Sandman & Davis, 2010). However, these types of stress often do not have a defined 
onset, which makes it difficult to pinpoint the timing of exposure during gestation, and it 
is also difficult to separate the influence of shared genetics from the influence of 
maternal stress on child development (DiPietro, 2012; King et al., 2012). In contrast, 
natural disasters can function as natural experiments. They enable measurement of 
objective hardship, which is independent of maternal factors, as well as subjective 
distress, comparable to other prenatal stress studies (King et al., 2012; Sandman & 
Davis, 2010). In addition, disasters typically have a clear and distinct onset, enabling 
accurate pinpointing of stress exposure during gestation (King et al., 2012; Sandman & 
Davis, 2010). 
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Only one published study has used a natural disaster to investigate the 
relationship between prenatal stress and child motor development (Cao et al., 2014). 
Cao et al. (2014) found that prenatal maternal stress from a severe ice storm was 
negatively related to child motor development at 5.5 years of age. Higher objective 
hardship predicted lower bilateral coordination and visual motor integration, but not 
balance, and higher subjective distress predicted lower bilateral coordination. There 
was an interaction between sex and timing, with motor performance declining as storm 
exposure occurred closer to birth, but only for girls. The two types of stress also acted 
together to predict development, with an interaction between objective and subjective 
stress. 
In the wake of disasters, it is estimated that up to 17 to 20 percent of people will 
develop psychological morbidity (McFarlane, 1990; Rubonis & Bickman, 1991). The 
traumatic stress literature shows that peritraumatic reactions play a key role in the 
development of longer term PTS: distress during or immediately after a traumatic event 
can predict the development of PTSD symptoms, and dissociation can predict symptom 
persistence (Brunet et al., 2001; Thomas et al., 2012). However, there is some debate 
about the strength and nature of this relationship. For example, in one study that 
measured both variables, dissociation became non-significant once distress was 
included (Brunet et al., 2013). In another, both distress and dissociation mediated the 
relationship between trauma and long-term PTS (Boelen, 2015). Overall, these findings 
suggest that exposure to a potentially traumatic event can trigger peritraumatic distress 
and dissociation, which can predict later PTS symptoms. This is a potential 
psychological mechanism for transmitting the effects of maternal stress to the 
developing fetus. However, this cascade has not yet been tested in the prenatal stress 
literature.  
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2.3.5 The Present Study 
The overall aims of this study were to: 1) investigate the relationship between different 
aspects of maternal disaster-related stress and child fine and gross motor development 
at 16 months, moderated by timing and sex; and 2) to test a potential psychological 
mechanism of transmission by exploring how different stress reactions work together 
to predict motor development. In January 2011, the state of Queensland, Australia, 
experienced a flood that saw 78% of the state declared a disaster area, 29,000 homes 
and business inundated, 2.5 million people affected and 33 people killed (Queensland 
Floods Commission of Inquiry, 2012). The QF2011 Queensland Flood Study used this 
flood as a source of objective stress, and in addition measured three different types of 
stress reaction: peritraumatic distress, peritraumatic dissociation, posttraumatic stress 
(PTS), as well as a cognitive appraisal of the overall consequences of the flood.  
We hypothesized that the severity of flood exposure and the subjective stress 
reactions would predict different aspects of child motor development but, given the lack 
of previous studies on motor development in infancy, this hypothesis was exploratory. 
We anticipated that relationships with child development would be moderated by 
timing, with significant results for the second and third but not the first trimester. We 
predicted that relationships with child development would be moderated by sex, but 
with only one comparable study (Cao et al., 2014), this hypothesis was also exploratory. 
Lastly, we hypothesized that a cascade of maternal stress reactions would link flood 
exposure with child motor development, with higher flood exposure related to worse 
development. 
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2.4 Method 
2.4.1 Participants 
The participants in the present study were part of the QF2011 Study, an ongoing 
prospective longitudinal study on maternal stress and child development (King et al., 
2015). Eligibility criteria included being pregnant during the flood, singleton birth, aged 
18 years or older, fluent in English, and able to provide informed consent. At 
recruitment, 227 women provided informed consent. The sample for the present study 
includes the 145 mother-infant dyads with gestation of at least 36 weeks who 
completed a face-to-face developmental assessment at 16 months (M = 16.48 months, 
SD = 0.57 months, range = 14.78 – 18.10 months). 
 At recruitment, the majority of the sample were married or had a partner, with 
only 4.1% single. The sample was highly educated, with more than half (53.1%) having 
completed a tertiary degree, and only 10.3% not completing any further study since 
high school. More than half were employed either full-time (37.2%) or part-time 
(20.0%) and most (82.8%) had pre-tax incomes of $1,000 or more per week. Only 4.8% 
relied on a government benefit as their main income. The majority (96%) identified 
their cultural background as White/Caucasian. At the birth of the study child, mothers 
ranged in age from 19 to 47 years (M = 31.48 years, SD = 5.02 years) and half were 
primiparous (49.2%). There were slightly more boys (55.9%) than girls (44.1%). Flood 
exposure occurred in the first trimester for 38.6% of the dyads, second trimester for 
36.6%, and third trimester for 24.8%.  
2.4.2 Procedures 
The QF2011 Study partnered with an existing randomized control trial on midwifery 
group care (the M@NGO study; see Tracy et al., 2011; Tracy et al., 2014), and began 
recruitment in April 2011 at a large metropolitan hospital located in the flood zone (see 
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King et al., 2015 for a detailed description of recruitment procedures and methodology). 
Measurement for this study occurred at recruitment and at 16 months postpartum. The 
recruitment questionnaire included measures of flood exposure and subjective stress 
reactions, maternal mental health, coping strategies, and demographics. The 
questionnaire at 16 months included measures of maternal mental health, life stress, 
parenting stress, coping, social support, and infant development. At 16 months, mothers 
were invited to attend a lab-based assessment which commenced with measures of the 
child’s cognitive, gross motor, and fine motor development. Only the motor 
development data are reported here. Participants received a $30 gift voucher at 
recruitment, and at the 16 month assessment mothers received a $30 gift voucher and 
children received a small toy. All phases of this study have received ethical approval 
from the Mater Hospital HREC (1709M, 1844M) and The University of Queensland 
(2013001236). 
2.4.3 Measures 
Objective flood stress. The severity of flood exposure was assessed at 
recruitment and/or 12 months post-flood using the Queensland Flood Objective Stress 
Scale (QFOSS; King et al., 2015). This survey was tailored to the events of the 
Queensland flood and is based on instruments used in other disaster studies (e.g., 
Laplante et al., 2007; Yong Ping et al., 2015). A total of 49 items assess four categories of 
objective hardship experienced during the flood: threat (e.g., “Were you physically hurt 
because of the flood?”), loss (e.g., “…please estimate the total value of all material loss and 
damage experienced because of the flood.”), scope (e.g., “To what extent was your 
immediate community changed because of the flooding?”), and change (e.g., “How many 
times were you required to change homes because of the flood?”). The maximum score for 
each subscale is 50, with a total score ranging from 0 to 200. Higher scores indicate 
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more severe exposure. 
Subjective Maternal Stress Reactions. Emotional distress related to the flood 
was assessed at recruitment and/or 12 months post-flood using three instruments. The 
Impact of Event Scale – Revised (IES-R; Weiss & Marmar, 1997) is commonly used to 
measure trauma-related distress, particularly in disaster studies (Benight & Harper, 
2002; Laplante et al., 2007), and assesses three categories of symptoms related to PTSD: 
intrusive thoughts and images, hyperarousal, and avoidance. Participants were asked to 
refer to the flood and respond to 22 items on a five-point Likert scale ranging from 0 
(“Not at all”) to 4 (“Extremely”). The IES-R has high internal consistency (alpha 
coefficients from 0.79 to 0.94), and adequate test-retest reliability (correlation 
coefficients from 0.51 to 0.94) (Creamer, Bell, & Failla, 2003; Weiss & Marmar, 1997).  
The Peritraumatic Distress Inventory (PDI-Q; Brunet et al., 2001) is a 13-item 
scale that retrospectively assesses the emotional and physical reactions that occurred 
around the time of trauma. Respondents were asked to recall their reactions during and 
immediately after the flood, and to rate each item on a five-point Likert scale from 0 
(“Not at all true”) to 4 (“Extremely true”). This measure is internally consistent 
(coefficient alpha = 0.76), stable over time (Brunet et al., 2001) and is predictive of PTSD 
(Guardia et al., 2013). 
The Peritraumatic Dissociative Experiences Questionnaire (PDEQ; Marmar, 
Weiss, & Metzler, 1997) is a 10-item scale that measures dissociative reactions that can 
occur after a traumatic event. Respondents were asked to recall their reactions during 
and immediately after the flood, and to rate each item on a five-point Likert scale 
ranging from 0 (“Not at all true”) to 4 (“Extremely true”). It is internally consistent 
(Cronbach’s alpha = 0.85) (Brunet et al., 2001), has a high correlation with PTSD 
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symptoms, and is the most widely used measure of trauma-related dissociation (Brooks 
et al., 2009).  
Maternal cognitive appraisal. In addition, participants were asked to make a 
cognitive appraisal of the overall consequences of the flood. The single item read, “If you 
think about all of the consequences of the 2011 Queensland flood on you and your 
household, would you say the flood has been…”, with responses rated on a five point 
Likert scale that was dichotomised into, “Negative/ Very negative” and, “There were no 
consequences/ Positive/ Very positive”. 
Potentially stressful life events. Major life events, excluding the 2011 flood, 
were assessed at 16 months post-partum using a modified version of the Life 
Experiences Survey (LES; Sarason, Sarason, Shearin, & Pierce, 1987). This questionnaire 
lists 26 categories of life events, such as divorce, illness, or changes in employment. 
Participants were asked to indicate whether they had experienced the event since the 
conception of the study child, to list the month and year the event occurred, and to rate 
its impact on a 7-point Likert scale ranging from -3 (“Extremely negative”) to 3 
(“Extremely positive”). Events that occurred prior to conception, or that related to flood 
events assessed by other measures, were excluded. For this study, separate summed 
scores were created for the total number of events (LES N) and total impact (LES IMP). 
Parenting stress. Parenting stress was measured at 16 months post-partum 
using the short form of the Parenting Stress Index (PSI-SF; Abidin, 1995). This 36-item 
questionnaire measures stress within the parent-child system and comprises three 
subscales: the Parental Distress subscale (PSIPD) measures perceived competence, 
conflict, social support and role stress; the Parent-Child Dysfunctional Interaction 
subscale (PSIDI) measures the extent to which the child meets the parent’s expectations 
and the level of reward associated with interactions; and the Difficult Child (PSIDC) 
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subscale measures the parent’s perception of the child’s temperament, compliance and 
demands. Most items are rated on a five-point Likert scale ranging from 1 (“Strongly 
disagree”) to 5 (“Strongly agree”). The PSI-SF correlates well with the longer Parenting 
Stress Index, is considered to have good construct validity, and is widely used in studies 
of parenting stress (Reitman, Currier, & Stickle, 2002).  
Maternal mental health covariates. The short form of the Depression, Anxiety 
and Stress Scale (DASS-21; Lovibond & Lovibond, 1995) was administered at 16 months 
post-partum. It is a 21-item measure broken into three subscales, one each for stress, 
anxiety and depression. Respondents rate each item on a four-point Likert scale from 0 
(“Did not apply to me at all”) to 3 (“Applied to me very much, or most of the time). The 
subscales have been found to be reliable and distinct, although moderately correlated 
(Lovibond & Lovibond, 1995). 
Child motor development. The Fine Motor and Gross Motor scales of the Bayley 
Scales of Infant Development, 3rd edition (BSID-III; Bayley, 2006a) were administered at 
16 months of age by Bayley-accredited researchers who were blind to the mother’s 
stress status. The Bayley is a standardised assessment of developmental functioning and 
is widely used in studies of child development. The Fine Motor scale assesses skills like 
grasping, perceptual-motor integration, and speed. The Gross Motor scale assesses skills 
like balance, locomotion, and quality of movement. The BSID-III has high internal 
consistency, with average reliability coefficients of 0.86 for the Fine Motor scale and 
0.91 for the Gross Motor scale, and has been extensively validated (Bayley, 2006b). 
Scaled scores for fine and gross motor development (M = 10, SD = 3) can be calculated 
by referencing raw scores against norms for developmental ages as per the user manual 
(Bayley, 2006a).  
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2.4.4 Statistical Analyses 
Analyses were performed using SPSS version 21. First, attrition analyses were 
conducted. Second, missing data from the PSI at 16 months (9%) were imputed via a 
regression model that used PSI, anxiety and depression data from other time points 
within the QF2011 study as predictors. Scores for subjective stress were finalised by 
integrating ratings provided at recruitment and/or 12 months post-flood using 
regression-based imputation.  
Third, descriptive analyses were conducted on all study variables. Predictors and 
covariates were transformed as required to correct non-normality and to reduce the 
influence of outliers. Outcome variables were not transformed as this would reduce 
interpretability of standardised scores; instead, the single outlier on the fine motor scale 
was recoded to a value that was 3 standard deviations below the mean. This process 
maintains the participant’s rank order but reduces the influence on the normality of the 
distribution (Ghosh & Vogt, 2012). No multivariate outliers were detected via either 
scatterplots or mahalanobis distance. 
Fourth, bivariate correlations were calculated to explore relationships between 
predictor variables, covariates and child motor development. Pearson’s r was used for 
continuous and dichotomous variables and Spearman’s rho for categorical variables.  
Fifth, a series of moderation analyses was conducted using the PROCESS macro 
(Hayes, 2013), to explore whether the child’s sex or the timing of flood exposure during 
gestation moderated the relationship between flood exposure, subjective stress and 
child motor development. Simple slopes and the Johnson-Neyman (J-N) technique were 
used to probe significant interactions. Traditionally, the pick-a-point approach to simple 
slopes uses one standard deviation above and below the mean to contrast high and low 
values. However, these values may fall outside the dataset, particularly if the data are 
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skewed (Hayes, 2013). An alternative approach is to plot the values at the 10th, 25th, 
50th, 75th and 90th percentiles (Hayes, 2013). In our sample, these percentiles 
corresponded to the 4th, 9th, 17th, 26th, and 35th week of pregnancy. For continuous 
moderators, the J-N technique adopts a region of significance approach, identifying the 
values of the moderator at which the effect of the predictor on the outcome becomes 
significant (i.e., where the confidence interval for the effect does not contain 0).  
Finally, moderated serial mediations were conducted to test the sequence of 
flood exposure, stress reactions, and child motor development, moderated by timing. 
Models used 10,000 bootstraps to generate 95% bias-corrected confidence intervals, 
using the procedure described in Hayes (2015). All regression coefficients are 
unstandardised.  
 
2.5 Results  
2.5.1 Maternal stress 
Separate variance t-tests showed that participants who did (N = 145) and did not (N = 
79) attend the 16 month assessment differed on only one flood related variable: 
participants present at 16 months reported slightly higher flood exposure on average 
(Mlog = 2.83) than the participants who did not attend (Mlog = 2.62), t(222) = -2.02, p 
= .045.   
Scores on the flood-related variables indicate a wide range of flood exposure 
within the sample and variability in subjective stress reactions (see Table 2.1). Flood-
related variables were all significantly correlated (see Table 2.2). The stability of these 
measures over time was calculated for participants with data at both recruitment and 
12 months post-flood (n = 75). Paired samples correlations were highly significant for 
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peritraumatic distress (r = .620, p < .001), peritraumatic dissociation (r = .760, p < .001) 
and posttraumatic stress (r = .779, p < .001), suggesting high stability.  
Table 2.1. 
Descriptives of key variables and correlations with child motor development. 
 
   
Correlation with 
child motor 
development 
Measure N M (SD) Range 
Fine 
Motor 
Gross 
motor 
Stressor/stress reactions     
  Flood exposure 145 21.28 (17.26)  2 - 81 -.134 -.013 
  Peritraumatic distress 145 12.26 (8.74)  0 - 42 -.005  .010 
  Peritraumatic dissoc. 145 6.13 (7.79)  0 - 32 -.033  .045 
  PTS symptoms 145 6.86 (11.99)  0 - 66   -.180* -.122 
  Cognitive appraisal a 144 36% neg  
64% neut/pos 
 -  .096   .138  
Motor development      
  Fine motor 143 12.98 (1.94)  7 - 18 -     .355** 
  Gross motor 145 9.40 (2.23)  4 - 16     .355** - 
Moderators      
  Timing of flood (days 
gestation) 
145 126.65 (77.73)  1- 268 -.122   -.153^ 
  Sex of child b 145 56% male  
44% female 
 -   .126    .146^ 
Covariates      
  Anxiety  132 3.15 (4.13)  0 - 18 -.058 -.029 
  Stress  132 10.89 (7.56)  0 - 34 -.113 -.113 
  Depression  132 4.80 (5.81)  0 - 26  .055  .142 
  Parenting stress total  145 67.23 (18.38)  37 - 141 -.079  .014 
  Parent distress  145 26.75 (8.64)  12 - 50 -.047  .044 
  Dysfunct. interact.  145 16.48 (5.33)  12 - 46   -.203*   -.166* 
  Difficult child  145 23.99 (8.01)  12 - 50 -.048 -.045 
  N. postnatal events  129 3.83 (2.77)  0 - 15  .069  .072 
  Impact postnat. events  129 -1.78 (5.46) -23 - 12 -.014  -.035 
  Gest. age (weeks) 145 39.37 (1.10) 36 - 42   .050   .044 
  Birthweight (grams) 
144 
3567.67 
(447.56) 
2712 - 
5050 
    .152^   .044 
  Standardized weight c 144 0.28 (0.80) -1.5 - 3    .152^   .042 
a Coding for cognitive appraisal: 0 = negative/ very negative; 1 = neutral/ positive/ very 
positive 
b Coding for sex: 0 = male, 1 = female.  
c Birthweight standardised by gestational age and sex. 
** p < 0.001  * p < 0.05  ^ p = .051 - 0.99   
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Table 2.2. 
Correlations between maternal flood-related variables. 
 1 2 3 4 5 6 
1.Flood exposure    –        
2.PTS symptoms  .592**    –       
3.Peritraumatic. distress  .428**  .588**    –      
4.Peritraum. dissociation.  .388**  .458**  .672**    –     
5.Cognitive  appraisala -.533** -.442** -.293** -.217*    –    
6.Timing of exposure   .008  .105   .006 -.026  .060    –   
a Coding for cognitive appraisal: 0 = negative/very negative; 1 = neutral/ positive/very 
positive  
** p < 0.001  * p < 0.05  ^ p = .051 - 0.99   
 
 
There is some debate regarding the influence of peritraumatic distress and 
dissociation as predictors of posttraumatic stress. Regression analyses showed that 
peritraumatic dissociation became non-significant as a predictor of PTS symptoms 
when controlling for peritraumatic distress (B = .04, p = .639), while peritraumatic 
distress remained significant when controlling for peritraumatic dissociation (B = 0.61, 
p < .001). This suggests that peritraumatic dissociation was not a significant 
independent predictor of PTS symptoms. 
2.5.2 Associations between maternal stress and child fine motor development 
Overall, scores on the Bayley fine motor scale were in the normal range, and the mean 
was 1 normed standard deviation above the normed average (see Table 2.1). Bivariate 
correlations showed that maternal PTS symptoms were significantly negatively 
correlated with child fine motor scores, with higher PTS symptoms associated with 
lower development (see Table 2.1). Sex showed a positive trend with fine motor scores 
(p = .082), suggesting that scores were higher for girls. Flood exposure, peritraumatic 
distress and peritraumatic dissociation were not correlated with child fine motor 
development. Nor were birth outcomes, postnatal maternal stress and maternal 
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demographics, with the exception of the Dysfunctional Interaction subscale of the PSI 
(PSIDI). This significant negative correlation suggests that higher levels of dysfunction 
within the mother-child relationship were associated with lower fine motor 
development scores. The PSIDI was included as a covariate in all further analyses.  
Moderation analyses were performed to determine whether the timing of flood 
exposure during gestation moderated the relationship between flood-related variables 
and child fine motor development. There was a significant interaction between PTS 
symptoms and timing, explaining 2.7% of the variance in fine motor scores (the total 
variance explained was 9.9%; see Table 2.3). The J-N technique indicated that the 
conditional effect of PTS symptoms on fine motor scores was significant from 204 days 
(29 weeks) gestation onwards. Simple slopes analysis of percentiles (see Figure 2.1) 
showed that when flood exposure occurred at 241 days (34 weeks) gestation, average 
fine motor development was close to one standard deviation lower (1.69 points) in 
children of mothers with more severe PTS symptoms, compared to those with no PTS 
symptoms. Overall, fine motor scores were lower in children whose mothers reported 
more severe PTS symptoms, but only when stress exposure occurred from 29 weeks 
gestation onwards.  
No significant interactions were found between timing and flood exposure, 
peritraumatic distress, peritraumatic dissociation or cognitive appraisal. No significant 
interactions were found between sex and any of the maternal flood-related variables. 
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Table 2.3.  
Ordinary Least Squares regression coefficients for the moderation by the timing of flood 
exposure during pregnancy of the relationship between maternal stress reactions and 
child motor development at 16m. 
 
 Coefficient 95% CI SE t p 
PTS symptoms and Fine Motor scores (N = 143)   
R2 = .099, MSE = 3.50, F(5, 137) = 2.90, p = .013  
 
Intercept 16.28  [12.38, 20.18] 1.97 8.25 <.001 
PTS symptoms 0.27  [-0.26, 0.80] 0.27 1.01 .312 
Timing of flood  0.00  [-0.00, 0.01] 0.00 0.88 .382 
Flood exposure -0.18 [-0.69, 0.32] 0.26 -0.72 .473 
Dysfunct. rship (PSIDI) -2.42 [-5.29, 0.46] 1.45 -1.66 .099 
PTS X Timing -0.00  [-0.01, -0.00] 0.00 -2.02 .046 
(Δ R2 = .027, p = .046)     
 
     
Cognitive appraisal and Gross Motor scores (N = 144)   
R2 = .135, MSE = 4.53, F(6,137) = 3.55, p = .003 
 
Intercept 12.36 [7.98, 16.73] 2.21 5.59 <.001 
Cognitive appraisal -0.67  [-2.13, 0.79] 0.74 -0.90 .367 
Timing of flood -0.01  [-0.02, -0.00] 0.00 -3.06 .003 
Flood exposure 0.28 [-0.27, 0.83] 0.28 1.01 .314 
Sex 0.49 [-0.23, 1.21] 0.36 1.35 .179 
Dysfunct. rship (PSIDI) -2.51 [-5.70, 0.68] 1.61 -1.56 .122 
Cog. Apprais. X Timing 0.01  [0.00, 0.02] 0.01 2.51 .013 
(Δ R2 = .040, p = .013)      
 
a Coding for cognitive appraisal: 0 = negative/ very negative; 1 = neutral/ positive/ very 
positive. 
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Figure 2.1. The moderating effect of timing (i.e., the day of flood exposure during 
gestation) on the relationship between maternal PTS symptoms and child fine motor 
scores. The region of significance is to the right of the vertical dashed line. 
 
2.5.3 Associations between maternal stress and child gross motor development 
Overall, scores on the Bayley gross motor scale were in the normal range. The mean for 
the gross motor scale was slightly below the normed average (see Table 2.1). Bivariate 
correlations showed that flood exposure, peritraumatic distress and peritraumatic 
dissociation were not correlated with child gross motor development (see Table 2.1). 
The correlation between cognitive appraisal and gross motor scores approached 
significance (p = .075), suggesting that motor scores were lower when appraisal was 
negative compared to neutral or positive. Similarly, the timing of flood exposure showed 
a negative trend with gross motor scores (p = .066), suggesting that motor development 
worsened as flood exposure occurred closer to delivery. Birth outcomes, maternal 
postnatal stress and maternal demographics were not correlated with child gross motor 
development, with the exception of the PSIDI. This significant negative correlation 
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suggests that higher levels of dysfunction within the mother-child relationship were 
associated with lower gross motor scores. The PSIDI was included as a covariate in all 
further analyses. 
Moderation analyses were performed to determine whether the timing of flood 
exposure during gestation moderated the relationship between flood-related variables 
and child gross motor development. The interaction between cognitive appraisal and 
timing was significant, explaining 4.0% of the variance in gross motor scores (the total 
variance explained was 13.5%; see Table 2.3). There was no significant relationship 
between timing and gross motor scores when mothers appraised the impact of the flood 
as neutral or positive. However, when mothers appraised the flood as negative, gross 
motor scores worsened as flood exposure occurred later in pregnancy (see Figure 2.2). 
The J-N technique showed that the conditional effect of cognitive appraisal on gross 
motor scores transitioned to significance at 125 days (17 weeks) gestation. Simple 
slopes analysis based on percentiles shows that when flood exposure occurred at 241 
days (34 weeks) gestation, average gross motor development was just over one 
standard deviation lower (2.30 points) in children whose mother appraised the impact 
of the flood as negative, compared to neutral or positive. Overall, gross motor scores 
were lower in children whose mothers rated the experience of the flood as negative, 
compared to neutral or positive, but only when stress exposure occurred from 17 weeks 
gestation onwards.  No significant interactions were found between timing and flood 
exposure, peritraumatic distress, peritraumatic dissociation or posttraumatic stress.  
No significant interactions were found between sex and any of the maternal 
flood-related variables. However, an interesting trend was evident. The overall 
interaction between cognitive appraisal and sex was not significant (p = .084), but the 
conditional effect was significant for girls (p = .012), suggesting that gross motor scores 
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were lower for girls than for boys when cognitive appraisal was negative compared to 
positive. 
 
 
 
Figure 2.2. The moderating effect of timing (i.e., the day of flood exposure during 
gestation) on the relationship between maternal cognitive appraisal and child gross 
motor scores. The region of significance is to the right of the vertical dashed line. 
 
 
2.5.4 Testing a cascade of maternal stress reactions 
The literature on potentially traumatic events suggests that peritraumatic reactions link 
traumatic exposures to PTS symptoms, yet this cascade of stress reactions has not been 
tested in the prenatal stress literature. Partial correlations, controlling for the influence 
of flood exposure, were significant between PTS symptoms and both peritraumatic 
distress (pr = .460, p < .001) and peritraumatic dissociation (pr = .307, p < .001). This 
suggests that there is a relationship between peritraumatic reactions and PTS 
symptoms that cannot be fully accounted for by the common cause of flood exposure. 
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This association may be spurious, may be due to a variable not measured, or may 
indicate that one of these variables influences the other (Hayes, 2013). This suggests a 
serial mediation from flood exposure -> peritraumatic reactions -> posttraumatic stress. 
Based on regression analyses described above, dissociation was dropped from the 
model as it was not a significant independent predictor of PTS symptoms. Child motor 
development was added to this cascade to test the indirect relationship between flood 
exposure and motor development (see Figure 2.3).  
In the model testing fine motor development, timing was included as a 
moderator of the pathway between PTS symptoms and motor development, based on 
the results of the moderation analyses described above. Serial mediation analyses 
showed that higher flood exposure predicted higher peritraumatic distress (a1), which 
predicted more severe PTS symptoms (d21), which in turn predicted poorer fine motor 
scores, moderated by timing (b4) (see Table 2.4). This model met the traditional criteria 
for moderated mediation, which is a statistically significant moderated pathway, as well 
as the more stringent index of moderated mediation proposed by Hayes (2015), 
because the bias-corrected bootstrapped confidence interval for the index did not 
contain 0 (index = -0.001, 95% CI [-0.0023, -0.0004]). Overall, objective flood stress was 
not directly related to child fine motor development, but was indirectly related via 
maternal peritraumatic reactions and PTS symptoms acting in serial. This moderated 
serial mediation was not significant for gross motor scores. 
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Figure 2.3. Path model for the moderated serial mediation. The effect of flood exposure 
on motor development is indirect, mediated by maternal peritraumatic distress and PTS 
symptoms acting in serial, with the relationship between PTS symptoms and motor 
development moderated by timing. 
 
 
  
PTS 
symptoms 
Flood 
exposure 
Fine motor 
development 
Peritraumatic 
distress 
a1 
c’ 
d21 
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b2 
a2 
Timing of 
flood 
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PTS X 
Timing 
b3 
u1 
b4 
PSIDI 
u2 
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Table 2.4. 
Ordinary least squares regression coefficients for the moderated serial mediation of flood exposure on fine motor development. 
     Outcomes     
 Peritraumatic distress PTS symptoms Fine Motor Development 
Predictors Path Coefficient (SE) p Path Coefficient (SE) p Path Coefficient (SE) p 
(N = 142)          
  Intercept  1.14 (.22) < .001  -2.06 (0.30) < .001  14.70 (2.13) < .001 
  Flood exposure a1 0.43 (.08) < .001 a2 0.65 (0.11) < .001 c’ -0.21 (0.26) .413 
  Peritraum. distress     d21 0.65 (0.11) < .001 b1 0.32 (0.26) .217 
  PTS symptoms       b2 0.22 (0.27) .418 
  Timing        0.004 (.003) .223 
  PTS X Timing        -0.004 (.002) .015 
  Dysfunctional 
    interact. (PSIDI) 
    
 
  
-1.80 (1.48) .226 
          
Model R2  0.182 < .001  0.486 < .001  0.129 .009 
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2.6 Discussion 
This study identified a cascade of maternal stress reactions to a natural disaster that, for 
the first time, suggests a psychological mechanism by which prenatal stress may 
influence child motor development. The findings also support the results from other 
studies, with different aspects of flood-related stress predicting different areas of child 
motor development. 
2.6.1 A Cascade of Maternal Stress Reactions 
As hypothesized, individual stress reactions operated together, linking flood exposure 
to child motor development via a novel cascade of maternal stress reactions. The risk of 
developing PTS symptoms is increased by the experience of peritraumatic reactions 
during or after trauma (Bromet & Dew, 1995; Brunet et al., 2001; Thomas et al., 2012). 
The model in Figure 2.3 tested the indirect relationship between flood exposure and 
child motor development via maternal peritraumatic distress and PTS symptoms acting 
in serial, proposing a potential psychological mechanism of transmission for the effects 
of prenatal stress. We found that higher flood exposure predicted increased 
peritraumatic distress, which in turn predicted more severe PTS symptoms, which 
predicted poorer fine motor scores in children exposed to the flood from mid-gestation 
onwards. Previous studies have explored biological mechanisms for the negative effects 
of prenatal stress on child motor development, including cortisol levels and DNA 
methylation (e.g., Cao-Lei et al., 2015; Cao-Lei et al., 2014; Sandman et al., 2012). It is 
likely that biological and epigenetic mechanisms such as these underlie the potential 
psychological mechanism identified here (Cao-Lei et al., 2015), but in the wake of a 
natural disaster, psychological measures are easier for clinicians to administer and 
interpret. These findings suggest that it is not only the events of disasters but how 
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mothers react to them that can predict later child development (Harville, Xiong, & 
Buekens, 2010; Tees et al., 2010), and emphasises the importance of exploring whether 
psychological stress reactions operate together. 
2.6.2 Different Types of Stress  
As hypothesized, different types of maternal stress predicted different aspects of child 
motor development.  
 Objective flood stress. There was no direct relationship between flood exposure 
and child motor development. These findings are different to those of Cao et al. (2014), 
who reported several direct relationships. This may be due to age differences, as Cao et 
al. (2014) measured motor development at 5.5 years of age and the present study 
included much younger children. It may also be due to differences in the area of motor 
development: Cao et al. (2014) studied balance, bilateral coordination, and visual motor 
integration, and the present study focused on broader measures of fine and gross motor 
development. In addition, the ice storm used as the source of objective stress in the Cao 
et al. (2014) study was different than the flood used as the source of objective stress in 
the current study.  
 Subjective stress reactions and cognitive appraisal. Maternal cognitive 
appraisal of the overall flood consequences significantly predicted child gross motor 
scores, with negative appraisal associated with poorer development. Maternal PTS 
symptoms predicted child fine motor scores, with more severe symptoms associated 
with poorer development. These results are similar to Cao et al. (2014), who found that 
maternal PTS symptoms predicted one area of motor development (poorer bilateral 
coordination) but not others (visual motor integration and balance), and support other 
studies which have found that relationships with child motor development were 
significant for some types of prenatal maternal stress and not others (e.g., Buitelaar et 
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al., 2003; DiPietro et al., 2006). Different types of stress have different underlying 
physiological mechanisms (King et al., 2012), which may explain this differential 
susceptibility. Additionally, different areas of the brain are responsible for different 
types of motor function, with the motor cortex driving fine motor and the basal ganglia 
driving gross motor movements (Gabbard, 2012). The underlying biological changes in 
the mother that influence placental function are as yet unknown (Glover et al., 2016), 
however these findings suggest that the mechanisms may be specific to the type of 
stress experienced, and may affect different areas of the fetal brain. Peritraumatic 
reactions were not directly related to motor development, but peritraumatic distress 
was part of the cascade of reactions linking flood exposure with child fine motor 
development. 
2.6.3 Moderation by timing and sex 
Timing. As hypothesized, relationships between prenatal maternal stress and 
child motor development were moderated by the timing of flood exposure during 
gestation. Relationships between cognitive appraisal and gross motor development 
were significant when flood exposure occurred from approximately 17 weeks of 
gestation onwards, and between PTS symptoms and fine motor development were 
significant when flood exposure occurred from approximately 29 weeks onwards, with 
development worsening as stress exposure occurred later in pregnancy. These results 
are similar to some of those from Project Ice Storm (see King et al., 2012 for a 
summary). In particular, Cao et al. (2014) reported that motor development is more 
sensitive to stress exposure closer to birth. While first trimester exposure has been 
implicated in other areas of child development, such as cognition and language (DiPietro 
et al., 2006; Laplante et al., 2004), the second and third trimesters seem to be 
particularly sensitive for motor development (Cao et al., 2014). This may indicate an 
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interruption to the development of the cerebellum, which can be affected by prenatal 
exposures (Sandman et al., 2012), and is integral to motor development as it plays a role 
in coordination, equilibrium and muscle tone (Strominger & Laemle, 2012). The 
cerebellum gains developmental prominence from 16 weeks gestation and is vulnerable 
to insult from this time on, which closely aligns with the results of this study (Eckert, 
1987). Other researchers have also found that mid- to late-gestation is sensitive for 
subsequent effects on motor development (Grace et al., 2015; Huizink et al., 2003) 
Sex. Contrary to the hypothesis, relationships between flood exposure, maternal 
stress reactions and child motor development were not moderated by sex. However, 
there was a strong trend. The interaction between cognitive appraisal and sex was not 
significant, but the conditional effect was significant for girls, suggesting that gross 
motor scores were lower for girls when cognitive appraisal was negative compared to 
positive. This is similar to the findings of Cao et al. (2014), who reported that motor 
development decreased for girls, but not boys, as stress exposure occurred closer to 
birth, but opposite to Sandman et al. (2012), who reported that delayed neuromotor 
development associated with prenatal stress was only significant for boys. Research 
findings on sex differences in the effects of prenatal maternal stress are mixed, with 
some studies reporting no significant differences (e.g., DiPietro et al., 2006), others 
reporting that effects can apply to only one sex (e.g., Sandman et al., 2012), and still 
others reporting that relationships may be different for each sex (e.g., Ellman et al., 
2008). This area requires further research.  
2.6.4 Limitations and future directions 
There are some limitations to this study. The sample is relatively small, which may have 
affected the power available to detect findings such as moderations by sex. It is also 
largely homogenous in terms of socio-economic status and cultural background, which 
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limits the generalizability of the findings to different populations. It is possible that the 
effects seen here may be different in communities with fewer financial and educational 
resources. The measures of maternal stress were all self-rated, and future research 
could consider incorporating more objective measures of stress, such as maternal 
cortisol or placental corticotrophin releasing hormone (Sandman et al., 2016). Use of a 
natural disaster as part of the study design reduced some potential confounders, such as 
heritability, but did not eliminate others, such as maternal variability in stress 
reactivity. It also enabled us to pinpoint the onset of exposure, however earlier onset of 
maternal stress may be confounded with chronicity of stress exposure and results need 
to be interpreted with this in mind. Lastly, while the maternal stress measures had 
different frames of reference in terms of symptom incidence, these were all collected at 
one point in time. The psychological mechanism identified here should be considered 
preliminary until it is validated in other samples, and future studies should incorporate 
more than one measurement point during pregnancy. 
Despite these limitations, the novel indirect model advances our understanding 
of the psychological mechanisms by which prenatal stress may influence child 
development. The severity of flood exposure was related to child motor development 
via peritraumatic distress and PTS symptoms, and this relationship was only significant 
when flood exposure occurred from mid-gestation onwards. This suggests that, for 
women who are exposed to natural disasters before the midpoint of pregnancy, the 
motor development of their children at 16 months is less likely to be affected. Women 
who experience a natural disaster from the midpoint of pregnancy onwards may have a 
higher risk of poorer motor development in their young children at 16 months, but only 
if they experience PTS symptoms, either alone or in combination with peritraumatic 
distress, or if they appraise the overall disaster consequences as negative. This has 
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implications for optimising child development in the wake of natural disasters by 
identifying clear risk factors that may be used for intervention and screening. 
Future research should further explore the novel cascade of maternal stress 
reactions identified here, particularly in relation to other areas of child development, 
and investigate correspondence between psychological reactions and physiological 
cascades identified as potential mechanisms of transmission for the effects of prenatal 
stress. It would be useful to replicate these findings in children of different ages and in 
communities with lower financial and educational resources than the current sample. 
Future studies should take into account the effects of the timing of flood exposure, 
investigate potential sex differences in findings, and explore the ways in which different 
types of prenatal maternal stress can work together to predict child development. 
Overall, these findings illustrate the complexity of the relationship between 
prenatal stress and subsequent child development. It is not as simple as asking whether 
prenatal stress can adversely influence child development: relationships depend on the 
type of stress, when it is experienced, how the mother responds, and whether different 
types of stress work together. 
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CHAPTER 3: Continuity and change in the relationship between 
prenatal maternal stress and child motor development: The QF2011 
Flood Study 
 
3.1 Preface 
Chapter 2 established that different types of flood-related maternal stress predict 
different areas of motor development at 16 months, and identified a potential 
psychological mechanism of transmission for the effects of prenatal maternal stress. 
This chapter investigates continuity and change in effects over time, which addresses 
the final part of the first aim of this thesis: understanding the extent to which disaster-
related prenatal maternal stress predicts child motor development across early 
childhood. 
The design of this study was shared between myself (70%) and my supervisors 
(Gabrielle Simcock, Vanessa Cobham, and Suzanne King), and the developmental 
assessments were conducted by me (30%) and the other members of the research team. 
I was wholly responsible for the statistical analysis (although advice on multiple 
imputation was provided by Dr Ania Filus) and for writing the paper, on which my 
supervisors provided astute and timely feedback. A shorter version of the article in this 
chapter will be submitted to a developmental journal. 
 
3.2 Abstract 
Exposure to prenatal stress predicts child development across a range of areas.. Effects 
are evident from early infancy, which signals a high need for intervention, but first we 
require better information about when effects may manifest and how they develop over 
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time. Many prenatal stress studies only measure child outcomes at one time point, 
which provides information about the emergence of effects but cannot answer 
important questions about their progression. This study investigated continuity and 
change in the relationships between prenatal stress and child motor development from 
16 to 30 months of age. Mothers exposed to a major flood during pregnancy completed 
questionnaires assessing flood exposure, peritraumatic distress and dissociation, 
posttraumatic stress, and a cognitive appraisal of the overall flood consequences. At 30 
months post-partum, children’s (N = 150) fine and gross motor development was 
assessed using the Bayley-III and results were compared to those obtained at 16 
months. Continuity was evident in the relationships between flood-related stress and 
children’s fine motor development, with the negative effects of posttraumatic stress 
persisting from 16 months. Changes were evident in the relationship between flood-
related stress and gross motor development: the effect of cognitive appraisal 
disappeared and new relationships emerged with peritraumatic dissociation and timing. 
Additionally, flood exposure predicted gross motor development via dissociation, 
suggesting a potential psychological mechanism of transmission for the effects of 
prenatal stress. These findings signal the need for interventions either prenatally to 
reduce potentially harmful effects or postnatally to improve the developmental 
trajectories of children, and have implications for guiding post-disaster interventions 
and designing prenatal stress research. 
 
3.3 Introduction 
Prenatal development can lay the foundation for health and wellbeing across the 
lifespan (Dunkel Schetter, 2011). As such, interruptions to development during critical 
periods can have lifelong consequences in what is known as fetal programming or the 
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developmental origins of health and disease (DOHaD) (for reviews, see: Dunkel Schetter, 
2011; Glover, 2014a; Graignic-Philippe et al., 2014; O'Connor et al., 2014; Ruiz & Avant, 
2005; Sandman & Davis, 2010; Talge et al., 2007). This signals a high need for 
intervention in order to reduce prenatal risk and improve developmental trajectories 
(Kingston et al., 2012; O'Connor et al., 2014). Despite accumulating understanding of the 
prenatal influence over lifespan health and disease (Gluckman & Hanson, 2006b; 
Graignic-Philippe et al., 2014; O'Connor et al., 2014), several questions remain 
unanswered. In particular, as noted by O’Donnel et al. (2014), the majority of prenatal 
stress studies only measure child development at one point in time, which provides 
information about when relationships become evident but cannot answer important 
questions about progression. This study investigates the relationship between disaster-
related prenatal stress and child motor development at 30 months, and compares the 
findings to those obtained at 16 months (see Chapter 2) in order to understand 
continuity and change in effects. Here, “continuity” refers to effects that continue to be 
evident at each measurement time point. “Change” refers to effects that are evident at 
some measurement time points but not others. 
3.3.1 Prenatal maternal stress and the developmental origins of disease 
Stress is best conceptualized as a dynamic, defensive system that aims to restore 
equilibrium in the face of situations that can threaten wellbeing (Graignic-Philippe et al., 
2014; Lazarus & Folkman, 1984). The word “stress” has been used to describe both 
stimuli and responses. In this article, a “stressor” is a potentially distressing event or 
circumstance, and a “stress response” is the emotional, behavioural and biological 
reactions (Carver, 1997; Levy-Shiff et al., 1998; Martin & Brantley, 2004). Responses to 
stress depend on the person’s cognitive appraisal of the stressor and assessment of 
available coping and social support resources, which means that individuals can have 
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different responses to the same stressor (Kendall & Terry, 2009; Lazarus & Folkman, 
1984; Levy-Shiff et al., 1998). Maternal stress during pregnancy can influence the 
subsequent development of the child, but the relationship between prenatal stress and 
child development is not straightforward. The majority of studies have found a negative 
relationship, with higher maternal stress predicting poorer child development, but some 
have found a positive relationship, where higher stress was associated with better 
development (e.g., DiPietro et al., 2006; Keim et al., 2011). Others have found curvilinear 
effects, where stress at moderate levels predicted better cognitive development than 
stress at low or high levels (e.g., King et al., 2012; Laplante et al., 2004), or the opposite, 
where stress at moderate levels predicted worse gross motor development and 
language ability than stress at low or high levels (e.g., Keim et al., 2011). 
Fetal programming and DOHaD are the theoretical explanations for the effects, 
positive or negative, of prenatal maternal stress. The fetal programming hypothesis 
describes the permanent influence of adaptations made by the fetus to its intrauterine 
environment and was first applied to undernutrition during pregnancy as a predictor of 
cardiovascular disease in adulthood (Barker et al., 1993). The DOHaD theory 
emphasises the importance of prenatal exposures but also takes into account the 
plasticity of the developing brain by incorporating postnatal events (Gluckman & 
Hanson, 2006b). Under this theory, some of the changes that the fetus makes in 
response to the intrauterine environment are adaptive because they prepare the fetus 
for the postnatal environment. However, if there is a mismatch between the pre- and 
postnatal environment this adaptation instead becomes a disadvantage because the 
prediction was inaccurate (Gluckman & Hanson, 2006a). For example, the Dutch Hunger 
Winter studies have found that prenatal exposure to a short-term famine increased the 
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risk of a range of adult diseases, such as obesity, because the fetuses adapted to famine 
but were born into plenty (Lumey et al., 2007).  
The mechanisms of transmission for prenatal stress are less understood than 
those for prenatal nutrition (Glover, 2014a). One likely mechanism is physiological 
cascades triggered by psychological stress. For example, maternal stress can increase 
the level of maternal cortisol, which can cross the placenta and influence the fetus’s 
brain and hypothalamic-pituitary-adrenal (HPA) axis (Charil et al., 2010; Glover, 2014b; 
O'Connor et al., 2014) Other potential mechanisms include epigenetic changes to DNA 
methylation and placental regulation of stress-related hormones (Glover, 2014a; 
O'Connor et al., 2014; Van den Bergh, Mulder, Mennes, & Glover, 2005). Animal studies 
suggest that prenatal stress influences the development of specific regions of the brain 
via reduced cell proliferation and increased cellular apoptosis (Schuurmans & Kurrasch, 
2013). The effects of these abnormalities manifest at different points during 
development (Schuurmans & Kurrasch, 2013). While the mechanisms of transmission 
are as yet unproven, the effects of prenatal exposures can be enduring (e.g., Grace et al., 
2015).  
3.3.2 Continuity and change 
To better understand continuity and change in the effects of prenatal stress, studies with 
repeated measures of child development were reviewed. Due to a small number of 
studies, the scope was broadened to include studies of prenatal anxiety. Three patterns 
of results were identified: 1) effects are continuous (i.e., evident at all time points); 2) 
effects take time to emerge (i.e., evident only at later time point/s); and 3) effects 
change (i.e., are evident at early but not later time point/s). These patterns are 
discussed in detail below. 
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Continuity in effects of prenatal maternal stress on child development. 
Continuity in findings across time points is in line with fetal programming and DOHaD, 
which predict that the effects of prenatal maternal stress on child development will 
persist because a disruption during fetal development continues to exert its influence 
(O'Connor et al., 2003; O'Donnell et al., 2014). For example, if prenatal exposure to 
cortisol disrupts the development of the HPA axis, this may result in increased stress 
reactivity and ongoing temperamental or behavioural problems (Huizink et al., 2004). 
Alternatively, damage to a particular area of development could result in a flattened 
trajectory, for example, reduced motor skills due to impaired visual-motor integration.  
Continuous relationships between prenatal maternal stress and child 
development across time points are demonstrated by the prenatal stress/anxiety 
studies with the longest follow-up periods. In Project Ice Storm, relationships between 
ice storm exposure and both body mass index (BMI) and cognitive development were 
evident between age 2 to 11 years of age, and relationships between posttraumatic 
stress disorder (PTSD) symptoms and internalising and externalising behaviours were 
evident from 4 to 11 years of age (King et al., 2012). Similarly, in the Avon Longitudinal 
Study of Parents and Children, the relationship between prenatal anxiety and 
behavioural and emotional problems was evident from4 to 13 years of age (O'Connor et 
al., 2003; O'Donnell et al., 2014). In the Raine study, the relationship between stressful 
life events in pregnancy and child motor development was evident between 10 to 17 
years of age (Grace et al., 2015).  
Late-emerging effects of prenatal maternal stress on child development. 
Longitudinal studies where effects are only significant at later time points may be part 
of this pattern of continuity and could still support fetal programming and DOHaD. Late-
emerging relationships may reflect situations where the affected area of development 
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had not yet manifested at the earlier time points, which has been the case in some 
animal studies (Glover, 2014b). Alternatively, the tests used may not have been able to 
detect the effect at earlier ages, perhaps due to the difficulty of measuring 
developmental outcomes in early infancy. Several of the results from Huizink et al. 
(2002b) were not significant at 3 months of age but were at 8 months, including: the 
relationships between maternal daily hassles, cortisol, and anxiety and child cognitive 
development; the relationships between maternal adrenocorticotropin hormone 
(ACTH) and child temperament; and the relationships between maternal anxiety and 
child motor and cognitive development. Similarly, Davis and colleagues (Davis et al., 
2011; Davis & Sandman, 2010) found that the relationships between maternal cortisol 
and anxiety and child cognitive development were not significant at 3 or 6 months of 
age but were at 12 months. Brouwers, van Baar, and Pop (2001) reported the same 
pattern for maternal anxiety and child cognitive development, and Ramchandani (2010) 
for maternal life stress and overall child behaviour problems. In the Raine study, the 
relationship between maternal life stress and child internalising problems did not 
emerge until 8 years of age but then persisted to 14 years (Robinson et al., 2011; Tearne 
et al., 2014). It is possible that these effects, once significant, may have persisted as they 
did in Tearne et al. (2014). However, without further measurement points this is 
speculation. 
Change in effects of prenatal maternal stress on child development. Studies in 
which relationships between prenatal maternal stress and child development become 
non-significant at later time points suggest that the effects of prenatal stress are 
temporary rather than enduring and contradict the fetal programming hypothesis 
(O'Donnell et al., 2014). For example, Huizink et al. (2002b) found that maternal ACTH 
predicted child temperament and maternal cortisol predicted child cognitive 
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development at 3 months of age but not 8 months. Ramchandani (2010) found that 
marital stress predicted child behavioural problems at 2 years of age but not at 4 years. 
It is possible that the effects were short-lived, or that the initial findings were spurious 
(i.e., that fetal programming was not evident). An alternative explanation is provided by 
the DOHaD theory: that fetal changes were ameliorated by postnatal experiences that 
increased nerve connections in the developing brain, such as maternal caregiving 
behaviour and sensory experiences (Gabbard, 2012). It may also be due to epigenetic 
changes resulting from gene X environment interactions (Bergman, Sarkar, Glover, & 
O'Connor, 2010; O'Connor et al., 2014).  
Questions of continuity and change in the effects of prenatal maternal stress are 
critically important. With accumulating evidence of the link between prenatal maternal 
distress and subsequent child development, “…addressing maternal psychological 
distress may represent one of the most modifiable and feasible strategies for reducing 
risk factors for developmental delay” (Kingston et al., 2012, p. 708). This highlights the 
need for prenatal screening as well as investigation of prenatal maternal interventions 
for efficacy in improving the developmental trajectories of children (Glover, 2014a; 
Kingston et al., 2012; O'Connor et al., 2003). However, if effects disappear of their own 
accord, interventions may not be necessary.  
 
3.4 The QF2011 Study and motor development 
The Queensland Flood Study (QF2011) is investigating the biopsychosocial mechanisms 
that underlie the relationship between disaster-related prenatal maternal stress and 
subsequent child development (for more details, see King et al., 2015). In January 2011, 
78% of the state of Queensland was declared a disaster zone when it experienced a 
major flood that affected 2.5 million people and resulted in 33 deaths (Queensland 
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Floods Commission of Inquiry, 2012). The QF2011 Study used this flood as a source of 
objective prenatal stress, and measured three types of subjective stress reaction 
(peritraumatic distress, peritraumatic dissociation and posttraumatic stress) and a 
cognitive appraisal of the overall consequences of the flood.  
3.4.1 Results from 16 months 
Developmental assessments of the QF2011 children at 16 months (N = 145) revealed 
several significant relationships between maternal flood-related stress variables and 
child motor development (for full details see Chapter 2). Briefly, more severe maternal 
posttraumatic stress predicted poorer child fine motor development, and children 
whose mothers appraised the overall consequences of the flood as negative had lower 
gross motor development compared to children whose mothers appraised the 
consequences as neutral or positive. Both of these results were moderated by timing, 
with relationships significant for children exposed to the flood in the second and third 
but not the first trimester of pregnancy. Based on previous research showing that 
peritraumatic distress predicts posttraumatic stress symptoms following potentially 
traumatic events (Brunet et al., 2001; Thomas et al., 2012), we tested a cascade of 
maternal stress reactions, hypothesizing that women with higher flood exposure would 
experience higher peritraumatic distress, and would in turn report more severe 
posttraumatic stress, and that this would negatively predict child motor development. 
This model was significant for child fine motor development for those exposed to the 
flood during the second and third trimesters of pregnancy, and was proposed as a 
potential psychological mechanism of transmission for the effects of prenatal maternal 
stress on child development. 
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3.4.2 The present study 
The present study aimed to investigate whether disaster-related prenatal maternal 
stress predicted child motor development at 30 months, and whether relationships from 
16 months (see Chapter 2) persisted or changed over time. Based on DOHaD theory and 
the research reviewed above, we hypothesized that the relationships between prenatal 
maternal stress and motor development found at 16 months reflect changes in brain 
development and therefore would continue to be evident at 30 months. Specifically, 
higher maternal posttraumatic stress would predict poorer child fine motor 
development, and negative maternal cognitive appraisal would predict poorer child 
gross motor development, and these relationships would be significant for children 
exposed in the second and third trimester of pregnancy. Maternal flood exposure and 
peritraumatic reactions were not expected to be directly related to child motor 
development, but to form part of a cascade of maternal stress reactions linking the 
events of the flood with poorer child motor skills.  
 
3.5 Method 
3.5.1 Participants 
The participants for the present study were the QF2011 mother-infant dyads with 
gestation of at least 36 weeks who completed a face-to-face developmental assessment 
at 30 months (M = 30.26 months, SD = 0.72 months, range = 28.29 – 32.16 months).  
 At recruitment, the majority of mothers were living with a partner or spouse, 
with only 10.7% single or never married. Mothers were highly educated, with 58.8% 
having completed a tertiary degree and only 1.5% reporting they did not complete 
secondary school. Mothers reported high incomes, with only 6.7% earning less than 
$34,000 per year. The sample was predominantly Caucasian (96.2%). At the birth of the 
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study child, mothers were, on average, 31.4 years old (SD = 5.11 years, range = 19-47 
years). Exposure to the flood occurred during Trimester 1 for 42%, Trimester 2 for 
36.7%, and Trimester 3 for 21.3%. There were slightly more boys (54%) than girls 
(46%). 
3.5.2 Procedures 
Recruitment and data collection procedures for the overall QF2011 Study have been 
described in detail in King et al. (2015). Measurement for the current study occurred at 
recruitment and 30 months postpartum. Recruitment questionnaires assessed maternal 
flood exposure, flood-related stress reactions, mental health, coping strategies and 
demographics. Questionnaires at 30 months postpartum assessed maternal postnatal 
stress (mental health, parenting stress, and stressful life events), coping, social support 
and child development. Face-to-face assessments at 30 months assessed a broad range 
of child developmental areas and parent-child interaction. Only the fine and gross motor 
development data are reported here. Mothers received a $30 gift voucher at each stage 
of the study, and children received a small toy at the 30 month assessment. All phases of 
this study have received ethical approval from the Mater Hospital HREC (1709M, 
1844M) and The University of Queensland (2013001236). 
3.5.3 Measures 
Objective flood stress. Flood exposure was assessed at recruitment and/or 12 
months post-flood using the Queensland Flood Objective Stress Scale (QFOSS; King et al., 
2015). This survey was based on those used in other disaster studies (Laplante et al., 
2007; Yong Ping et al., 2015) but was tailored to the events of the Queensland Flood. The 
survey comprises 49 items divided into 4 categories: threat (e.g., “Were you physically 
hurt because of the flood?”), loss (e.g., “…please estimate the total value of all material loss 
and damage experienced because of the flood.”), scope (e.g., “To what extent was your 
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immediate community changed because of the flooding?”), and change (e.g., “How many 
times were you required to change homes because of the flood?”). Each subscale has a 
maximum score of 50, with possible scores ranging from 0 to 200. Higher scores 
indicate more severe exposure. 
Subjective maternal stress reactions. Maternal stress reactions related to the 
flood were assessed at recruitment and/or 12 months post-flood using three 
instruments. The Peritraumatic Dissociative Experiences Questionnaire (PDEQ; Marmar 
et al., 1997) retrospectively assesses dissociative reactions that can occur following 
trauma. Participants were asked to remember their reactions during and immediately 
after the flood and to respond to 10 items measured on a 5 point Likert scale that 
ranged from 0 (“Not at all true”) to 4 (“Extremely true”). It is internally consistent, with 
Cronbach’s alpha of 0.85 (Brunet et al., 2001), and has a high correlation with PTSD 
symptoms (Brooks et al., 2009). 
The Peritraumatic Distress Inventory (PDI-Q; Brunet et al., 2001) retrospectively 
assesses emotional and physical reactions that occur around the time of trauma. 
Participants were asked to remember their reactions during and immediately following 
the flood and respond to 13 items measured on a 5 point Likert scale that ranged from 0 
(“Not at all true”) to 4 (“Extremely true”). The PDI is internally consistent, with a 
coefficient alpha of 0.76, is stable over time  (Brunet et al., 2001), and predicts 
subsequent development of PTSD symptoms (Guardia et al., 2013). 
The Impact of Events Scale – Revised (IES-R; Weiss & Marmar, 1997) is 
commonly used in disaster studies to measure trauma-related distress (Benight & 
Harper, 2002; Laplante et al., 2007). Items assess the three domains of posttraumatic 
stress symptoms: intrusive thoughts and images, hyperarousal, and avoidance. 
Participants were directed to reference their experience of the flood and report their 
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symptoms over the past 7 days on 22 items, each using a 5 point Likert scale that ranged 
from 0 (“Not at all”) to 4 (“Extremely”). The IES-R has high internal consistency (alpha 
coefficients from 0.79 to 0.94), and adequate test-retest reliability (correlation 
coefficients from 0.51 to 0.94) (Creamer et al., 2003; Weiss & Marmar, 1997). 
Maternal cognitive appraisal. Participants were also asked to provide a 
cognitive appraisal of the overall consequences of the flood. A single item asked, “If you 
think about all of the consequences of the 2011 Queensland flood on you and your 
household, would you say the flood has been…”, and responses were dichotomised into, 
“Very Negative/ Negative” and, “There were no consequences/ Positive/ Very Positive”.  
Postnatal covariates. Postnatal stress was assessed at 16 and 30 months using 
three different measures. The modified Life Experiences Survey (LES; Sarason et al., 
1987) listed 26 categories of events e.g. illness, divorce, financial changes. Participants 
were asked to indicate whether they had experienced the event, to list the month and 
year in which it occurred, and to rate its impact on 7 point Likert scale that ranged from 
-3 (“Extremely negative”) to 3 (“Extremely positive”). Excluding events that occurred 
prior to conception or that related to aspects of the flood assessed elsewhere, total 
scores were calculated for the number (LES N) and impact (LES IMP) of reported events. 
The short form of the Parenting Stress Index (PSI-SF; Abidin, 1995) measured 
stress within the parent-child relationship. Three subscales were used in this study: 
Parental Distress (PSIPD), Dysfunctional Interaction (PSIDI) and Difficult Child (PSIDC). 
Participants rated most items on a 5 point Likert scale that ranged from 1 (“Strongly 
disagree”) to 5 (“Strongly agree”). The PSI-SF is widely used and has good construct 
validity (Reitman et al., 2002). 
The short form of the Depression, Anxiety and Stress Scale (DASS-21; Lovibond & 
Lovibond, 1995) measured maternal mental health. The three subscales of 7 questions 
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each were rated by respondents on a 4 point Likert scale that ranged from 0 (“Did not 
apply to me at all”) to 3 (“Applied to me very much, or most of the time”). The subscales 
have been found to be reliable, but are moderately correlated (Lovibond & Lovibond, 
1995). 
Child motor development. Fine and gross motor development were assessed at 
16 and 30 months using the Bayley Scales of Infant Development, 3rd Edition (BSID-III; 
Bayley, 2006a) by researchers who were blind to the severity of the family’s flood 
exposure. The Fine Motor scale assessed skills like perceptual-motor integration, speed, 
and grasping and the Gross Motor scale assessed skills like balance and coordination. 
The Bayley-III has been extensively validated and has high internal consistency, with 
average reliability coefficients of 0.86 for the Fine Motor scale and 0.91 for the Gross 
Motor scale (Bayley, 2006b). Scaled scores (M = 10, SD = 2) can be used to evaluate a 
child’s development relevant to same-age peers and are calculated by referencing raw 
scores against norms for developmental ages. Scaled scores are not suited to studying 
change in an individual child’s scores over time, and so raw scores can be converted to 
growth scores (M = 500, SD = 100), which provide an ability estimate independent of 
peers and can be used to track a child’s progress between time points (Bayley, 2006a). 
In this study, growth scores were used in analyses that controlled for previous levels of 
development. 
3.5.4 Statistical analyses 
Analyses were performed using SPSS version 21 and AMOS version 22. As with all 
longitudinal studies, participation varied at different time points (n = 14 16-month-olds 
did not attend the 30 month assessment and n = 19 30-month-olds did not attend the 16 
month assessment) but there were no significant differences between the overall 
samples at 16 and 30 months on any flood-related variable. Attrition analyses using 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT        
[96] 
 
separate-variance t-tests (adjusted for multiple comparisons) showed that eligible 
recruited participants (N = 224) who did (N = 150) and did not (N = 74) complete the 
assessment at 30 months did not differ significantly on flood-related variables. Little’s 
MCAR test was non-significant (Chi-square (626) = 545.44, p = .991), indicating that the 
data can be considered missing completely at random. Because the data were assessed 
as MCAR, multiple imputation was judged the most appropriate strategy to address 
missing data (Graham, 2009). Twenty imputed datasets were created using predictive 
mean matching due to skewed data. Flood-related variables and motor development at 
30 months were entered as predictors only (i.e., not imputed). Covariates at 16 and 30 
months and motor development at 16 months were entered as both predictors and 
imputed variables (missing data: mental health: 13.3 - 14.7%; parenting stress: 14 - 
14.7%; life events: 10 - 16.7%; 16 month motor development: 13.3%). Demographic 
data were not imputed. 
Following multiple imputation, predictors and covariates were transformed as 
necessary to improve normality and reduce the influence of outliers. The single outlier 
on fine motor development at 16 months was recoded to a value that was 3 standard 
deviations from the mean, which maintained the rank of the score but reduced its 
influence on normality (Ghosh & Vogt, 2012). No multivariate outliers were detected. 
Multiply-imputed parameters not provided by SPSS were calculated using rules 
established by Rubin (1987). There is no simple formula for combining bootstrapped 
confidence intervals so instead the ranges for the upper and lower limits across the 
imputed datasets are reported.  
Once the data were cleaned, bivariate correlations were conducted on predictors, 
covariates and outcome variables. Regression analyses were used to explore predictive 
relationships between flood-related variables and child motor development, and 
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whether the child’s sex or the timing of flood exposure during gestation moderated 
relationships. Serial mediations, using the PROCESS macro (Hayes, 2013), tested the link 
between flood exposure and motor development via peritraumatic stress and 
posttraumatic symptoms. Parallel mediation, using the AMOS program, tested the link 
between flood exposure and gross motor development via peritraumatic reactions. 
Goodness of fit was evaluated against Pearson chi-square (p should be > 0.05), adjusted 
goodness of fit (AGFI; should be > 0.95), comparative fit index (CFI; should be > 0.95), 
the root mean-square error of approximation (RMSEA; should be < 0.05), and the 
standardised root mean-square residual (SRMR; should be < 0.06) (Hu & Bentler, 1999). 
Models used 10, 000 bootstraps to generate 95% bias-corrected confidence intervals for 
indirect effects. All regression coefficients are unstandardised. Analyses were generally 
run for 30 month scaled scores (with significant postnatal stress as covariates) and then 
for 30 month growth scores, including prior development (16 month growth scores) 
and significant postnatal stress as covariates for a more stringent test of the effects. 
Models were run for both fine and gross motor development.  
 
3.6 Results 
3.6.1 Associations between maternal stress and child fine motor development 
Overall, Bayley fine motor scores were within the normal range (see Table 3.1). Average 
fine motor scaled and growth scores were 1 normed standard deviation above the 
normed mean. Bivariate correlations showed that flood-related variables were not 
correlated with fine motor development (scaled or growth scores) at 30 months (see 
Table 1). The sex of the child was significantly correlated with fine motor scaled and 
growth scores, with scores higher for girls than for boys. Maternal depression (from the 
DASS) and parental distress (from the PSI) at 16 months were positively correlated with 
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fine motor scaled and growth scores at 30 months, with higher depression and distress 
associated with better development, and there was a trend for parental distress at 30 
months (p = .080 to .097), with higher distress associated with better scores. Depression 
and parental distress at 16 months were used as covariates in all further analyses. No 
other postnatal maternal stress or demographic variables were correlated with fine 
motor development at 30 months. 
Regression analyses revealed several main effects between flood-related 
variables and fine motor development at 30 months (see Table 3.2). Significance was 
unchanged in the models that did and did not include covariates, but the results for the 
models containing the postnatal covariates are reported as they are considered more 
robust. The full model regression model explained 16% of the variance in fine motor 
scaled scores. There was a significant main effect for maternal posttraumatic stress, 
with more severe stress predicting lower child fine motor scores, and a main effect for 
sex, with girls having higher fine motor scores on average than boys. These effects were 
also significant in the models that did not contain covariates. 
As a more stringent test of these effects, the model was re-run using fine motor growth 
scores and previous development was added as a covariate (see Table 3.2). This model 
explained 19% of the variance in fine motor scores. Similar to the model predicting 
scaled scores, there were main effects for maternal posttraumatic stress and sex. There 
was a main effect for previous development, with higher fine motor scores at 16 months 
predicting higher fine motor scores at 30 months. 
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Table 3.1. 
Descriptives of key variables and correlations with child motor development. 
    Correlation with motor development 
Measure N M (SD) Range 
30m FM 
Scaled 
30m 
GM 
Scaled 
30m FM 
Growth 
30m 
GM 
Growth 
Stressor/stress reactions        
  Flood exposure 150 21.43 (17.13) 2 - 81  -.012  -.093  -.002  -.091 
  Peritraumatic distress 150 11.99 (8.61) 0 - 35   .047  -.016   .083   .018 
  Peritraumatic dissoc. 150 6.25 (7.70) 0 - 32  -.001  -.111   .029  -.117 
  PTS symptoms 150 6.69 (11.01) 0 - 55  -.127  -.095  -.101  -.067 
  Cognitive appraisal a 149 35% neg 
65% neut/pos 
-     .051   .070   .053   .073 
Motor development         
  30m Fine mot. Scaled 148 12.34 (2.60) 7 - 19 -    
  30m Gross mot. Scaled 142 11.20 (2.59) 6 - 17 .405** -   
  30m Fine mot. Growth 148 618.43 (14.28) 581-654 .957** .375** -  
  30m Gross mot. Growth 142 611.67 (11.14) 578-629 .382** .927** .394** - 
  16m Fine mot. Growth 150 563.62 (13.07) 520-590 .266**   .165^ .240**   .179^ 
  16m Gross mot. Growth 150 548.27 (27.20) 492-586 .220**   .160^   .202*    .197*  
Moderators        
  Timing of flood  150 120.09 (77.11) 1 - 268   .008     .169*   .058   .197* 
  Sex of child b 150 54% boys 
46% girls 
-    .189*   .120   .187*   .122 
Postnatal Covariates        
  Depression 30m 150 4.76 (7.00) 0 - 40  -.052  -.069  -.029  -.100 
  Anxiety 30m 150 3.60 (5.49) 0 - 26  -.093  -.090  -.076  -.136 
  Stress 30m 150 10.70 (8.76) 0 - 42   .023  -.003   .021  -.059 
  Depression 16m 150 4.88 (6.87) 0 - 34   .210*  -.105   .207*  -.142 
  Anxiety 16m 150 3.14 (4.46) 0 - 18   .006  -.064   .028  -.071 
  Stress 16m 150 10.58 (7.94) 0 - 34   .133  -.116   .129  -.161^ 
  Parent distress 30m  150 26.17 (9.03) 12 - 55   .144^  -.066   .152^  -.077 
  Dysfunct. interact. 30m 150 16.62 (5.59) 12 - 49   .026  -.086   .047  -.110 
  Difficult child 30m 150 23.87 (8.46) 13 - 55  -.028   .057  -.016  -.002 
  Parent distress 16m 150 26.50 (8.97) 12 - 47   .178*  -.082   .195*  -.086 
  Dysfunct. interact. 16m 150 16.20 (5.13) 12 - 37   .044  -.027   .044  -.043 
  Difficult child 16m 150 23.57 (8.28) 12 - 50   .130   .043   .139   .012 
  No. of events 17-30m 150 3.20 (2.73) 0 - 21  -.076  -.085  -.050  -.086 
  Impact events 17-30m  150 -1.17 (4.23) -16 - 12   .068   .139   .045   .138 
  No. of events 0-16m 150 3.82 (2.93) 0 - 15   .094  -.024   .105  -.035 
  Impact events 0-16m 150 -1.93 (4.37) -20 - 12  -.038   .035  -.032   .088 
 
a Coding for cognitive appraisal: 0 = negative/ very negative; 1 = neutral/ positive, very 
positive.  
b Coding for sex: 0 = male, 1 = female.  
** p < 0.001  * p < 0.05  ^ p = .051 - 0.   
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Table 3.2.  
Multivariate regression coefficients for flood stress variables and child motor development 
at 16 months. 
 
 Fine motor development 
 Scaled scores  Growth scores 
 Coefficient 95% CI  Coefficient 95% CI 
Intercept            8.54* [5.70, 11.37]            457.96* [332.58, 583.34] 
Flood exposure              0.30    [-0.41, 1.02]               1.33 [-2.54, 5.19] 
Peri. distress             0.74^ [-0.02, 1.51]    4.04^ [-0.14, 8.22] 
Peri. dissociation         -0.21 [-0.73, 0.32]             -0.79 [-3.63, 2.05] 
PTS symptoms           -0.56* [-1.02, -0.10]               -2.71* [-5.23, -0.19] 
Cog. appraisal           0.52 [-0.49, 1.53]               1.63 [-3.80, 7.07] 
Timing of flood           0.00 [-0.01, 0.01]               0.01 [-0.02, 0.04] 
Sex b             1.17* [0.36, 1.99]  5.77* [1.37, 10.17] 
16m Depression              1.04^ [-0.12, 2.20]                4.58 [-1.85, 11.02] 
16m Parent. Dist.            0.03 [-0.03, 0.09]                0.21 [-0.11, 0.53] 
16m FM Growth    0.25* [0.03, 0.47] 
R2            0.156*   0.194*  
  
 Gross motor development 
 Scaled scores  Growth scores 
 Coefficient 95% CI  Coefficient 95% CI 
Intercept           10.24  [7.48, 13.01]          543.99 [491.46, 596.52] 
Flood exposure            -0.15 [-0.92, 0.63]             -1.31  [-4.56, 1.94] 
Peri. distress             0.55 [-0.25, 1.34]                3.06^ [-0.28, 6.39] 
Peri. dissociation            -0.40 [-0.95, 0.15]              -2.57* [-4.86, -0.27] 
PTS symptoms            -0.23  [-0.73, 0.26]             -0.52 [-2.61, 1.56] 
Cog. appraisal               .02   [-1.12, 1.09]             -0.81 [-5.45, 3.84] 
Timing of flood .01^ [.00, .01]                0.03* [0.01, 0.05] 
Sex b            0.63 [-0.22, 1.49]              2.67 [-0.93, 6.26] 
16m GM growth                 0.12* [0.02, 0.21] 
R2            0.071                0.142*  
a Coding for cognitive appraisal: 0 = negative/ very negative; 1 = neutral/ positive, very 
positive. 
b Coding for sex: 0 = male, 1 = female.  
** p < 0.001  * p < 0.05  ^ p = .051 - 0.99 
 
 
Moderation analyses were used to see whether the relationships between flood-
related variables and child fine motor development were moderated by the timing of 
flood exposure during gestation or the sex of the child. No moderations by timing or by 
sex were significant, and no trends were evident.   
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3.6.2 Associations between maternal stress and child gross motor development 
Overall, Bayley gross motor scores were in the normal range (see Table 3.1). Average 
gross motor scaled scores were comparable to the normed mean. Average gross motor 
growth scores were 1 normed standard deviation above the normed mean. Bivariate 
correlations showed that flood-related variables (objective and subjective stress and 
cognitive appraisal) were not correlated with child gross motor development (scaled or 
growth scores) at 30 months (see Table 3.1). Timing was positively correlated with 
gross motor scaled and growth scores, with later exposure during pregnancy associated 
with higher scores. Timing was included as a covariate in all further analyses. No other 
postnatal stress variables (mental health, parenting stress or life events) were 
correlated with gross motor development at 30 months. 
Regression analyses revealed several main effects between flood-related 
variables and gross motor development at 30 months (see Table 3.2), but only for 
growth scores. The full model explained 7% of the variance in gross motor scaled scores 
and was non-significant. No flood-related variables predicted gross motor scaled scores 
at 30 months. In contrast, when the model was re-run using gross motor growth scores 
and previous development was added as a covariate, the full model explained 21% of 
the variance in gross motor growth scores. There was a significant main effect for the 
timing of flood exposure, with exposure later in gestation predicting better scores and a 
significant main effect for maternal peritraumatic dissociation, with higher dissociation 
predicting lower child gross motor development. There was also a significant main 
effect for previous development, with higher gross motor scores at 16 months 
predicting higher gross motor scores at 30 months. 
Moderation analyses were used to see whether the relationships between flood-
related variables and child gross motor development were moderated by the timing of 
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flood exposure during gestation or the sex of the child. As with fine motor development, 
no moderations by timing or by sex were significant, and no trends were evident. 
3.6.3 Testing a cascade of maternal stress reactions 
In our previous study (see Chapter 2) we found that flood exposure was not directly 
related to child fine motor development, but that it was indirectly related via maternal 
peritraumatic distress and posttraumatic stress reactions acting in serial. We tested this 
model again at 30 months and found that this indirect relationship was still significant. 
Serial mediations using fine motor scaled scores (controlling for significant postnatal 
covariates) showed that higher flood exposure predicted higher peritraumatic distress 
(a1), which predicted more severe posttraumatic stress (d21), which in turn predicted 
poorer fine motor scaled scores at 30 months (b1) (see Figure 3.1 and Table 3.3). The 
negative indirect effect of flood exposure was significant (a1d21b2 = -0.14, 95% CI 
[Lower: -0.33 to -0.30; Upper: -0.05 to -0.04]), suggesting that higher flood exposure 
predicts lower child fine motor development via maternal subjective stress reactions. 
The model explained 12 – 17% of the variance in fine motor scaled scores. 
As a more stringent test, the model was re-run using growth scores, with 
previous development added as a covariate. The pattern of results was the same for 
growth scores at 30 months, showing that the indirect relationship between flood 
exposure and child fine motor development was significant even when controlling for 
development at 16 months (a1d21b2 = -0.62, 95% CI [Lower: -1.62 to -1.43; Upper: -0.21 
to -0.08]). The model explained 15 – 22% of the variance in fine motor growth scores. 
The serial mediations were not significant for gross motor development at 30 
months using either scaled or growth scores. 
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Figure 3.1. Path model for the serial mediation. The effect of flood exposure on child 
motor development is mediated by maternal peritraumatic distress and PTS symptoms 
acting in serial (with sex, significant postnatal stress and previous development as 
covariates). 
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Table 3.3. 
Ordinary least squares regression coefficients for the serial mediation from flood exposure to fine motor development. 
     Outcomes     
 Peritraumatic distress PTS symptoms Fine Motor Scaled 
Predictors Path Coefficient 95% CI Path Coefficient 95% CI Path Coefficient 95% CI 
(N = 148)          
Intercept  1.16* [0.71, 1.60]  -1.95* [-2.56, -1.34]  9.46* [7.22, 11.70] 
Flood exposure a1 0.40* [0.25, 0.56] a2 0.68* [0.47, 0.87] c’        0.16 [-0.50, 0.79] 
Peri. distress     d21 0.57* [0.36, 0.77] b1          0.57^  [-0.04, 1.17] 
PTS symptoms       b2 -0.60* [-1.04, -0.15] 
Sex       u1 1.13* [0.33, 1.92] 
16m Depression       u2          0.97^ [-0.03, 1.98] 
16m Parent Distr.       u3        0.03 [-0.02, 0.07] 
Model R2  0.16*   0.44*            0.15*  
 Peritraumatic distress PTS symptoms Fine Motor Growth 
 Path Coefficient 95% CI Path Coefficient 95% CI Path Coefficient 95% CI 
Intercept    1.16* [0.71, 1.60]  -1.95*  [-2.56, -1.34]  466.81*   [350.60, 583.02] 
Flood exposure a1 0.40* [0.25, 0.56] a2          0.68*   [0.47, 0.87] c’        0.78  [-2.73, 4.28] 
Peri.  Distress     d21          0.57*  [0.36, 0.77] b1          3.39^  [-0.05, 6.72] 
PTS symptoms       b2  -2.71* [-5.14, -0.27] 
16m FM Growth        0.24*  [0.04, 0.43] 
Sex       u1 5.57*  [1.25, 9.88] 
16m Depression       u2         4.25  [-1.23, 9.73] 
16m Parent Distr.       u3         0.23  [-0.06, 0.52] 
Model R2  0.16*   0.44*            0.18*    
** p < 0.001  * p < 0.05  ^ p = .051 - 0.99
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3.6.4 Testing peritraumatic reactions as mediators of the relationship between 
flood exposure and gross motor development 
Gross motor development was not associated with longer-term posttraumatic stress, 
which seems to be why the serial mediation did not predict gross motor development. 
However, the regression analyses revealed that gross motor development was related to 
peritraumatic dissociation. Because peritraumatic dissociation is predicted by flood 
exposure, a structural equation model was tested in AMOS with peritraumatic reactions 
mediating the relationship between flood exposure and gross motor development 
(using growth scores so that 16 month development could be incorporated) (see Figure 
3.2). Peritraumatic distress and dissociation were entered in parallel because of their 
high correlation (r = .67, p < .001) and a lack of consensus in the literature regarding 
whether a causal relationship exists between them (Fikretoglu et al., 2006). Model fit 
indices were examined, and the SRMR was slightly above the preferred value of 0.06 
(SRMR = 0.067), which can suggest outliers, but data screening using z-scores did not 
reveal any untreated outliers and model fit was otherwise excellent across the imputed 
datasets (chi-square (8) = 6.07, p = 0.640; AGFI = 0.963; CFI = 1.000; RMSEA = 0.001). 
The indirect effect between flood exposure and gross motor development was 
significant for peritraumatic dissociation (effect = -1.45, 95% CI [Lower: -3.20 to -3.05; 
Upper: -0.38 to -0.26] but not for peritraumatic distress (effect = 0.97, 95% CI [Lower: -
0.65 to -0.39; Upper: 2.25 to 2.48]. These results suggest that the relationship between 
flood exposure and gross motor development is mediated by maternal peritraumatic 
dissociation but not by maternal peritraumatic distress.
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Figure 3.2. Path model for the parallel mediation. The effect of flood exposure on child 
gross motor development is indirect, mediated by peritraumatic dissociation and 
peritraumatic distress (with 16m gross motor development and the timing of flood 
exposure as covariates). 
 
 
3.7 Discussion 
Prenatal exposure to a natural disaster predicted child fine and gross motor 
development at 30 months of age, with both continuity and change evident when 
comparing results those obtained at 16 months. Interestingly, continuity and change 
varied by area of motor development. The findings identify a potential psychological 
mechanism of transmission for the effects of prenatal maternal stress and provide some 
support for the fetal programming and DOHaD theories.  
3.7.1 Continuity in fine motor development 
Overall, the relationship between maternal flood-related stress and child fine motor 
development showed continuity between 16 and 30 months of age. As hypothesized, 
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was also evident at 16 months (see Chapter 2), although at that time point it was 
moderated by the timing of flood exposure, with the effect only significant for children 
exposed in the second and third trimesters. At 16 months the regression model 
explained 10% of the variance and at 30 months it explained 16 - 19%, indicating that 
this relationship predicts an increasing amount of variance in fine motor skills across 
early childhood, and that maternal posttraumatic stress has a persistent negative 
relationship with child fine motor development.  
As hypothesized, the indirect relationship between flood exposure and child 
motor development identified at 16 months (see Chapter 2) was also significant at 30 
months: higher flood exposure predicted higher maternal peritraumatic distress, which 
in turn predicted more severe posttraumatic stress, which was linked with poorer child 
fine motor development. The main difference is that at 16 months the effect was 
moderated by timing. This cascade, proposed as a potential psychological mechanism of 
transmission between prenatal stress and child development, seems to be robust, 
explaining 13% of the variance in fine motor scores at 16 months and 15 to 22% of the 
variance at 30 months.  
  This continuity in the findings on fine motor development indicates a persistent 
relationship between the events of the flood and later motor development and provides 
further support for the fetal programming and DOHaD theories, with prenatal maternal 
stress predicting reductions in fine motor development throughout early childhood. The 
cerebral cortex and motor cortex drive the precise movements of the arms, hands, 
fingers and feet and control fine motor muscles (Gabbard, 2012). These findings suggest 
that prenatal stress may have influenced the development of the cerebral and motor 
cortexes or perhaps the cerebellum, suggesting that the brain circuitry for these 
functions has not been developed to its full potential (Gabbard, 2012). These results are 
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similar to King et al. (2012), who found that the relationships between storm-related 
PTSD symptoms and child development persist until early adolescence, and to other 
prenatal stress studies with consistent findings across time points (e.g., Grace et al., 
2015; O'Connor et al., 2003; O'Donnell et al., 2014; Ramchandani, 2010). 
3.7.2 Changes in gross motor development 
In contrast, several changes were observed in the relationships between flood-related 
variables and child gross motor development between 16 and 30 months of age. Three 
new effects emerged at 30 months: 1) higher maternal peritraumatic dissociation 
predicted poorer child motor development, which is in line with a multitude of other 
studies showing that different types of prenatal stress can predict different areas of 
child development (e.g., Davis & Sandman, 2010; Huizink et al., 2002b; King et al., 2012); 
2) flood exposure closer to birth predicted better development, consistent with other 
studies showing that the timing of stress during pregnancy can be critical (e.g., Davis & 
Sandman, 2010; Ellman et al., 2008) but not for every area of child development (e.g., 
King et al., 2012); and 3) in a model tested for the first time in the prenatal stress 
literature, flood exposure indirectly predicted child gross motor development, with the 
relationship mediated by maternal peritraumatic dissociation. The potential 
psychological mechanism identified in Chapter 2 was not significant for gross motor 
development at either 16 or 30 months. The model tested for gross motor development 
at 30 months represents a new potential psychological mechanism for the effects of 
prenatal stress on child development, and suggests that flood exposure predicts both 
areas of motor development, but that the pathways of influence differ. 
These new effects were only significant when taking into account gross motor 
development at 16 months (i.e., using growth scores), even though these effects were 
not present at 16 months. This pattern of results in which effects are not evident at the 
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first time point but emerge later is seen in other prenatal stress studies (e.g., Brouwers 
et al., 2001; Davis & Sandman, 2010; Huizink et al., 2002b; Tearne et al., 2014). This 
pattern is not inconsistent with the fetal programming and DOHaD theories, as it is 
possible that the affected area of gross motor development had not manifested at the 
earlier time point, or was not readily measurable (Glover, 2014b). It is possible that 
disruptions to the development of the basal ganglia underlie deficits in gross motor 
skills (Gabbard, 2012), and because the brain continues to develop past the first year of 
life, deficits may not become evident until this process is complete (Gramsbergen, 
2003). This may explain why some of our effects only emerged at 30 months, but 
measurement at future time points would be necessary to determine whether these new 
effects continue. For now, these findings further reinforce the notion that different types 
of stress can work together to predict development, especially in the context of a 
potentially traumatic event like a natural disaster. 
Contrary to the hypothesis, the relationship between maternal cognitive 
appraisal and child gross motor development that was evident at 16 months had 
disappeared at 30 months. At 16 months, children of mothers who appraised the 
consequences of the flood as negative had poorer gross motor development than 
children whose mothers appraised the consequences as positive or neutral, although 
this relationship was only significant when flood exposure occurred from mid-gestation 
onwards (see Chapter 2). This finding was not evident at 30 months. This disappearance 
contradicts the fetal programming hypothesis but is in line with the brain plasticity 
incorporated into the DOHaD theory. Brain development continues into the fourth year, 
and during this time the quality and quantity of postnatal sensory experiences can 
increase nerve connections and reorganise neural pathways; in short, experience can 
improve outcomes (Gabbard, 2012; Piek, 2006). In our sample, even though most of the 
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children were within the normal range of development at 16 months, the reduced motor 
skills were obvious to researchers during face-to-face assessments. Parents received a 
developmental report indicating the level of gross and fine motor development 
compared to standardised norms, and several mothers commented during testing that 
their children were not doing some of the things that their cousins or peers were doing. 
Given the high socioeconomic and educational advantage of the sample, it is possible 
that mothers acted on what they perceived as a deficit, for example, by providing more 
assistance and encouragement to slow walkers, and this increased caregiving behaviour 
may explain the disappearance of the effect. This potential interaction between prenatal 
and postnatal environments should be investigated in future research. An alternative 
explanation for the disappearance of this effect is that the influence of maternal 
cognitive appraisal on child development was temporary, although this seems unlikely 
because the same cognitive appraisal item predicted DNA methylation in adolescents in 
Project Ice Storm (Cao-Lei et al., 2015). 
A sex effect emerged for fine motor development at 30 months, with scores 
higher for girls than for boys. However, this difference was not predicted by any of the 
flood-related variables. 
3.7.3 Limitations 
This study has some limitations. The sample size was relatively small and the mothers 
were generally highly educated and well resourced. The homogeneity of the sample in 
terms of cultural and socioeconomic background can be an advantage, as it reduces the 
influence of potential confounders on child development and the ability to recover 
effectively from natural disasters (DiPietro, 2012). However, it does mean that the 
findings presented here may not generalize to more diverse communities. In addition, 
natural disasters can be unique, and it is possible that these findings may not generalize 
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to other types of disasters (e.g., acts of terrorism), or to daily stress (e.g., pregnancy-
specific anxiety).  While the use of a natural disaster reduced the influence of some 
potential confounders, such as heritability, other confounding factors may still be 
present, such as individual variation in maternal stress reactivity.  Additionally, although 
the flood-related measures used different frames of reference the occurrence of 
symptoms, these measures were all collected at only one point during pregnancy, 
introducing potential recall bias and limiting the longitudinal nature of the path models. 
Future research should measure maternal stress at multiple time points during 
pregnancy. Lastly, future research should assess child development at more than 2 
timepoints in order to better understand continuous longitudinal effects.  This carries 
the risk that mothers will act on results from earlier assessment points, potentially 
influencing the areas of infant development under investigation, although this risk may 
be ameliorated by incorporating measures of postnatal caregiving into the research 
design. 
3.7.4 The next step 
Echoing the results of other studies, different types of maternal stress predicted 
different areas of child motor development, and several of these effects persisted over 
time. Overall, these findings provide some support for the fetal programming hypothesis 
in relation to prenatal maternal stress. This accumulating evidence of persistent 
disadvantage suggests a critical need for intervention. While much is still unknown 
within the field of prenatal stress research, the accumulating evidence across diverse 
studies signals a potent and enduring effect. The next step in this field is to investigate 
variables or interventions that can reduce harmful effects and improve the 
developmental trajectories of children. Interventions for mothers experiencing anxiety 
or depression during pregnancy can reduce psychological and physiological symptoms 
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(Glover, 2014a), such as mindfulness-based cognitive therapy, massage therapy, and 
acupuncture, although evidence for yoga is currently lacking (Glover & Barlow, 2014; 
O'Connor et al., 2014). Studies need to investigate whether such prenatal interventions 
have an effect on postnatal child development (Glover, 2014a; O'Connor et al., 2014). 
Prenatal stress studies can also be broadened to include measurement of potential 
mediating or moderating factors. Well-designed studies currently measure postnatal 
stress and mental health, but this can be extended to include potentially protective or 
ameliorating influences, such as maternal caregiving, coping strategies and social 
support. This could occur alongside investigations into the physiological mechanisms 
that underlie the relationship between prenatal stress and postnatal development, such 
as cortisol, and the physiological mechanisms that may reduce these effects, such as 
gene X environment interactions. The models tested here and in Chapter 2 identify links 
in the chain connecting prenatal exposures with subsequent development, and these 
may offer intervention points.  
It is clear that prenatal stress can have long-term effects on child development. 
We know these effects exist; the next step is to do something about them. 
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CHAPTER 4: Coping and prenatal maternal stress 
 
4.1 Preface 
In order to improve developmental trajectories, it is critical to identify variables that can 
explain or reduce the negative effects of prenatal maternal stress on child development. 
Few published studies on prenatal maternal stress have explored potential buffers of 
negative effects. This is a critical gap in the literature as this knowledge could inform 
interventions for women experiencing stress during pregnancy, with benefits for the 
woman and potentially her child. The goals of this chapter are to: 1) define coping; 2) 
describe the relationship between coping and stress; 3) review studies that investigate 
whether coping can explain or reduce the negative impact of maternal stress on child 
development; and 3) highlight directions for future research and explain how this thesis 
furthers that agenda.  
 
4.2 Defining coping 
As with stress, coping has been defined in numerous ways. This diversity has created 
more confusion than clarity and made it difficult to compare results across studies 
(Martin & Brantley, 2004). Coping has been viewed as a process (i.e., the use of a 
particular range of strategies), and as an outcome, (i.e., having “coped” with a stressful 
situation) (Lazarus & Folkman, 1984). In this thesis, coping is defined as the cognitive, 
emotional and behavioural strategies used to manage, tolerate or reduce internal or 
external demands that are perceived as exceeding personal resources and threatening 
wellbeing (Folkman & Lazarus, 1980; Greenglass, Fiksenbaum, & Eaton, 2006; Kessler et 
al., 1985; Levy-Shiff et al., 1998; Razurel et al., 2013). It involves reactive strategies 
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activated to deal with perceived threat, harm or loss, and is not evident in low-stress 
situations (Carver & Connor-Smith, 2010; Kendall & Terry, 2009; McColl, Lei, & Skinner, 
1995).  
 
4.3 The relationship between coping and stress 
Coping is fundamental to understanding the individual variation in the experience and 
consequences of stress (Folkman & Moskowitz, 2004; Guardino & Schetter, 2014; 
Lazarus & Folkman, 1984; Skinner, Edge, Altman, & Sherwood, 2003). Coping can 
explain or buffer the negative effects of stress (Kendall & Terry, 2009; Lazarus & 
Folkman, 1984; Martin & Brantley, 2004; Razurel et al., 2013) and is viewed as a 
psychological resource that influences an individual’s vulnerability or resilience to 
potentially stressful events (Kessler et al., 1985). While there is clear agreement about 
the importance of coping, there is much debate about the models and mechanisms by 
which coping is related to stress.  
4.3.1 Models 
Two main models of stress and coping have been proposed: The Cohen and Wills (1985) 
stress-buffering model and the Lazarus and Folkman (1984) mediated model (Kendall & 
Terry, 2009). 
Under the stress-buffering model (Figure 4.1), personal resources protect the 
individual from the harmful effects of stress (Cohen & Wills, 1985; Kendall & Terry, 
2009). These resources, such as social support and coping dispositions, interact with 
stress so that the negative effects of stress are attenuated for people with higher levels 
of the resource in question (Wheaton, 1983). This is a classic moderated model, 
describing for whom we can expect to see the positive effect of buffers: for people who 
are experiencing high levels of stress, and for people who have high levels of the coping 
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resource being investigated (Cohen & Wills, 1985; Kendall & Terry, 2009; Wheaton, 
1983). The presence of buffers can result in the situation being appraised as less 
stressful, or, after the stress reaction has occurred, reducing the related emotional, 
behavioural, or physiological responses (Cohen & Wills, 1985; Kawachi & Berkman, 
2001). This theory is generally tested via moderation analysis, relying on an interaction 
between stress and coping (Wheaton, 1985). 
 
 
Figure 4.1. The Cohen and Edwards moderated model of stress and coping. 
 
Under the Lazarus and Folkman (1984) model (Figure 4.2), when a potentially 
stressful situation occurs, the individual appraises the level of threat and activates their 
coping strategies. This process mediates the effects of the situation on the individual’s 
short-term health and wellbeing, with flow-on effects to long-term health and wellbeing 
(Honey, Bennett, & Morgan, 2003; Kendall & Terry, 2009; Lazarus & Folkman, 1984; 
Morris & Rao, 2013). In other words, an event is not stressful until the person decides 
that it is, and this decision is influenced by the individual’s assessment of the level of 
threat (primary appraisal) and the sufficiency of the individual’s perceived ability to 
deal with the threat (secondary appraisal) (Kendall & Terry, 2009; Lazarus & Folkman, 
1984). Coping strategies are activated in response to this appraisal process, which can 
form a feedback loop: once the coping strategies are in use, the level of threat is 
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Wellbeing 
Coping 
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reappraised, which leads to coping efforts being ceased or increased (Lazarus & 
Folkman, 1984). The short-term effects of this stress -> appraisal -> coping process 
include physiological changes and positive or negative feelings, while the long-term 
effects include physical health, wellbeing and social functioning (Lazarus & Folkman, 
1984). This is a fully mediated model, explaining how stressors affect wellbeing: via 
coping (Kendall & Terry, 2009; Lazarus & Folkman, 1984). This process is highly 
individualized, and underlies the variation seen in different people’s reactions to the 
same stressor (Lazarus & Folkman, 1984). 
 
 
Figure 4.2. The Lazarus and Folkman mediated model of stress and coping.  
 
4.3.2 Moderation or mediation? 
Research support has been found for both of these models, suggesting that coping can 
function as either a moderator or a mediator of the effects of stress on health (Kendall & 
Terry, 2009; Martin & Brantley, 2004). There is no statistical guidance regarding which 
approach is more correct, as the choice of moderation or mediation analysis needs to be 
driven by the underlying theory being tested (Hayes, 2013). Mediation explores a causal 
chain, investigating the question of how, while moderation explores a conditional effect, 
investigating the question of for whom (Hayes, 2013). For example, sex could be used as 
a moderator to see whether the relationship between a potentially stressful event and 
subsequent short-term wellbeing varies between men and women. This is a logical and 
useful strategy, as there is no possible causal relationship between the predictor and the 
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moderator – potentially stressful events cannot influence a person’s gender, but the 
consequences of these events can be different for men and women. For example, women 
can have higher rates of posttraumatic stress than men (Norris et al., 2002).  
In contrast, there is a potential causal relationship between coping and stress: a 
potentially stressful event can cause the person to activate their coping strategies 
(Lazarus & Folkman, 1984). Moderation analysis is well-suited to theories testing trait-
like or dispositional coping, such as optimism or cognitive flexibility or social support, 
as these are likely to be relatively stable over time (Carver & Connor-Smith, 2010). For 
example, someone with a large social support network may be more likely to 
successfully obtain assistance and support from others in times of stress (Schwarzer & 
Schwarzer, 1996). Arguably, moderation analysis may be less suitable for studying the 
use of individual coping strategies, which change over time and can be situationally 
dependent (Folkman & Lazarus, 1980; Kessler et al., 1985; Levy-Shiff et al., 1998; Martin 
& Brantley, 2004; Nielsen & Knardahl, 2014). When moderation analysis shows that 
beneficial effects are present for people scoring higher on certain types of coping 
strategies, the implied assumption is that people use these coping strategies in response 
to the stressor. This is a reactive, causal process that implies mediation. However, many 
studies of coping strategies use moderation instead of mediation, including when coping 
strategies are assessed in general (e.g., Lee, 2003) or in relation to a particular stressor 
(e.g., Oni et al., 2015). There are also examples of coping studies that test the mediation 
effects of specific (e.g., Kim, Knight, & Longmire, 2007) or general coping strategies (e.g., 
Jarvis & Creasey, 1991). Other studies test both moderation and mediation (e.g., Kendall 
& Terry, 2009; Zhu, Tao, Hao, Sun, & Jiang, 2010). 
Overall, it is clear that coping can be regarded as either a moderator or a 
mediator of the effects of stress. However, there is substantial variability in the way this 
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is tested. In the absence of clear guidelines or standard practices, the best approach may 
be to match the statistical analysis to the theoretical model being tested. 
4.3.3 Mechanisms 
Regardless of whether coping is a moderator or a mediator, research has demonstrated 
that coping can explain and buffer the negative effects of stress on health. The next 
question is how this occurs. Psychological mechanisms have been explored (e.g., 
Austenfeld & Stanton, 2004), but physiological mechanisms are a critical link in 
understanding the relationship between stress and coping.  
Coping can change the negative effects of stress by reducing the physiological 
stress response, changing biochemical processes and affecting the regions of the brain 
that process emotions (Folkman & Moskowitz, 2004; Martin & Brantley, 2004; Olff, 
Langeland, & Gersons, 2005b; Southwick, Vythilingam, & Charney, 2005). As explained 
in Chapter 1, exposure to potentially stressful events can initiate a cascade of stress-
related hormones. Research has shown that these hormones can be influenced by 
different types of coping strategies (Guardino & Schetter, 2014). For example, avoidance 
and denial are associated with prolonged neuroendocrine reactions to stress, while 
active and problem-focused strategies are associated with a reduced neuroendocrine 
response (Olff, Langeland, & Gersons, 2005a). In particular, active coping strategies can 
reduce the risk of trauma-related psychopathology by reducing fear-conditioned 
associations, which are a critical part of PTSD onset and maintenance (LeDoux & 
Gorman, 2001; Morris & Rao, 2013; Southwick et al., 2005). Theories like that of Lazarus 
and Folkman (1984) explain that coping can modify the effects of stress on wellbeing; 
research into the underlying physiological aspects of coping suggests that this may 
occur by changing the underlying physiological stress response. 
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4.4 Types of coping 
The research on physiological mechanisms hints at two of the greatest areas of 
controversy within the coping literature: appropriately categorising coping, and 
understanding the distinctive effect of different types of coping strategies. 
4.4.1 Problem- and emotion-focused coping 
There is longstanding debate about the precise taxonomy of coping, with one review 
identifying more than 400 individual strategies and 15 higher order classifications 
(Skinner et al., 2003). However, the Folkman and Lazarus (1980) classification of 
problem- and emotion-focused coping has dominated the literature (Dunkel Schetter, 
2011). Problem-focused coping includes strategies like seeking support and making a 
plan of action, and aims to address the stressor directly or to limit its impact (Carver & 
Connor-Smith, 2010; Dunkel Schetter, 2011; Folkman & Moskowitz, 2004). Emotion-
focused coping includes strategies like venting and seeking emotional support, and aims 
to reduce the emotional impact of the stressor (Carver & Connor-Smith, 2010; Folkman 
& Moskowitz, 2004). Other theorists have expanded this approach by adding extra 
categories like meaning-making and seeking support, or considering whether individual 
strategies are about engagement or disengagement, or about approach or avoidance 
(Carver & Connor-Smith, 2010; Guardino & Schetter, 2014).   
Perhaps because of this debate about the categorisation of coping, there is no 
consensus on the effectiveness of different types of coping strategies (Folkman & 
Moskowitz, 2004; Levy-Shiff et al., 1998). The match between the stressor and the 
coping strategy is considered to be crucial (Carver & Connor-Smith, 2010; Huizink et al., 
2002a; Martin & Brantley, 2004), with problem-focused strategies more suitable to 
controllable situations, such as personal disagreements, and emotion-focused strategies 
more suitable to situations outside an individual’s control, such as natural disasters 
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(Aldwin, 2007; Martin & Brantley, 2004). However, there are contradictory findings 
about the short- and long-term effects of particular strategies (Levy-Shiff et al., 1998). 
Strategies like denial, disengagement, self-blame, substance use, and wishful thinking 
are considered maladaptive, and have been associated with negative health outcomes 
such as depression (Razurel et al., 2013). Similarly, avoidant coping can exacerbate 
stress and its associated symptoms (Holahan & Moos, 1985). However, some argue that 
emotion-focused or avoidant strategies can be effective in the short-term, even for 
controllable stressors, because reducing emotional distress or temporarily escaping the 
stressful situation can enable more effective coping (Carver & Scheier, 1994; Huizink et 
al., 2002a; Martin & Brantley, 2004).  
4.4.2 To categorise or not to categorise? 
It is possible that the broad categories applied to coping have obscured important 
differences associated with individual coping strategies (Carver & Connor-Smith, 2010; 
Folkman & Moskowitz, 2004; Guardino & Schetter, 2014; Oni et al., 2015). Labels like 
“emotion-focused” can be applied to different constellations of coping strategies across 
studies, and can mask differences in outcomes that are attributable to the individual 
coping strategies within the category (Guardino & Schetter, 2014). The strategies 
included in the category can also be diverse, and in some cases can even be inversely 
correlated (Austenfeld & Stanton, 2004). Allocating coping strategies to categories is 
theoretically complex, as some coping strategies can be classified as either problem- or 
emotion-focused: “For example, seeking support is emotion focused if the goal is to 
obtain emotional support and reassurance, but problem focused if the goal is to obtain 
advice or instrumental help” (Carver & Connor-Smith, 2010, p. 685). Strategies like 
seeking social support can have a number of different functions, “such as solving a 
problem, obtaining information, calming down, or distracting oneself” (Schwarzer & 
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Schwarzer, 1996, p. 114). Further complicating matters, most people activate multiple 
strategies simultaneously, which makes it difficult to isolate the effects of particular 
strategies (Carver & Connor-Smith, 2010; Nielsen & Knardahl, 2014; Olff et al., 2005b). 
It is possible that the combination of strategies, rather than the type, determines 
the effectiveness of coping (Aldwin, 2007), as different types of coping can complement 
each other (Carver & Connor-Smith, 2010). A hybrid conceptualization between state 
and trait coping is that people may use a stable overall coping approach comprised of 
individual coping strategies that are dynamic and contextually dependent (Guardino & 
Schetter, 2014; Schwarzer & Schwarzer, 1996). However, it may be that trying to 
categorise such a complex and dynamic process is not helpful, apart from reducing the 
number of statistical analyses. Focusing on individual coping strategies rather than 
broad categories can provide a more precise understanding of coping (Carver & Connor-
Smith, 2010), and has the advantage of improving the comparability of findings across 
studies (Skinner et al., 2003). 
4.4.3 Statistical means of categorising coping 
The primary drawback of focusing on individual coping strategies is that this approach 
substantially increases the number of statistical analyses required. However, the new 
theories on the composition of coping have led to the use of new methods of analysis. 
The traditional approach to categorising coping has been to use exploratory factor 
analysis (EFA), which empirically groups coping strategies into higher-order categories 
that can be related back to theoretically defined types, like problem- and emotion-
focused coping (Field, 2013; Folkman & Moskowitz, 2004). Scores on each type are then 
related to the level of distress. “Conceptually and empirically, however, distinct kinds of 
coping seem to travel together” (Folkman & Moskowitz, 2004, p. 752), and individual 
coping strategies overlap and interact (Carver & Connor-Smith, 2010; Nielsen & 
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Knardahl, 2014). This violates the assumption of independence necessary for factor 
analysis (Skinner et al., 2003).  
An alternative to EFA is cluster analysis, which ignores the classification of coping 
strategies and instead groups people according to the pattern of strategies in use 
(Aldwin, 2007). The identified coping profiles can then be related to the level of distress 
to determine the effectiveness of the coping profile (Aldwin, 2007). This better reflects 
the way coping works in practice, taking into account people’s tendency to activate both 
problem- and emotion-focused strategies in response to a stressor (Carver & Connor-
Smith, 2010; Martin & Brantley, 2004). Coping studies that have used cluster analysis 
instead of EFA have identified nuanced patterns of coping that combine both problem- 
and emotion-focused strategies (Eisenbarth, 2012; Gaudreau & Blondin, 2004; Nielsen 
& Knardahl, 2014). Under either approach, factor structures and patterns will not 
replicate across different samples and stressors (Schwarzer & Schwarzer, 1996; Skinner 
et al., 2003), but this reflects the transactional and dynamic nature of coping rather than 
methodological flaws. 
 
4.5 Coping and prenatal maternal stress 
4.5.1 Coping and pregnancy 
Coping is integral to pregnancy, which is a life-changing experience involving significant 
changes across multiple domains: behaviour, emotions, health, wellbeing, physiology, 
physical appearance, role, and personal relationships (Guardino & Schetter, 2014; Lobel, 
Hamilton, & Cannella, 2008). These demands fluctuate and change over the course of the 
pregnancy (Huizink et al., 2002a). Correspondingly, coping strategies also change across 
pregnancy, with different types of strategy used more frequently in different trimesters 
(Hamilton & Lobel, 2008; Huizink et al., 2002a). Coping strategies can predict maternal 
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mental health, physical health and even birth outcomes (Guardino & Schetter, 2014; 
Lobel et al., 2008). For example, Huizink et al. (2002a) found that emotion-focused 
coping was negatively related and problem-focused coping was positively related to the 
number of pregnancy complaints. However, there are conflicting findings across studies, 
likely due to the differences between samples (e.g., high-risk or low-risk pregnancies), 
and the enormous amount of variability in pregnancy experience between and even 
within women. This underscores the contextually-dependent nature of coping, and the 
inherent measurement issues in coping research during pregnancy (Lobel et al., 2008).  
4.5.2 Coping and prenatal stress 
Coping has shed light on the process of adaptation during normal pregnancy  (Huizink 
et al., 2002a), but is even more critical to understanding adaptation to stressful events, 
like disasters, during pregnancy. As explained in Chapter 1 and tested in Chapters 2 and 
3, disasters can trigger a cascade of stress reactions. Higher disaster exposure predicts 
higher peritraumatic distress, which predicts more severe posttraumatic stress. The 
physiological sequelae associated with this psychological cascade are thought to be one 
of the main mechanisms by which prenatal maternal stress influences subsequent child 
development. Maternal stress activates the maternal hypothalamic-pituitary-adrenal 
(HPA) axis, which increases both maternal cortisol and corticotropin-releasing hormone 
(CRH) and reduces the activity of the placental glucocorticoid barrier enzyme 11βHSD2 
(Charil et al., 2010; O'Connor et al., 2014). These processes result in higher levels of fetal 
cortisol and CRH, which influences the development of the fetal hippocampus and HPA 
axis (Charil et al., 2010; O'Connor et al., 2014). Developing PTSD in response to disasters 
can influence maternal cortisol levels (Brand, Engel, Canfield, & Yehuda, 2006; Perroud 
et al., 2014; Yehuda et al., 2005). Maternal cortisol during pregnancy can predict infant 
cortisol response (O'Connor et al., 2013; Perroud et al., 2014; Yehuda et al., 2005), and 
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infant cortisol can predict later cognitive development (Bergman et al., 2010; Davis & 
Sandman, 2010; Huizink et al., 2002b). Although there are some non-significant findings 
(Beijers et al., 2014) and psychosocial and biological measures of stress are not always 
correlated in pregnancy (Glover & Barlow, 2014; Harville, Savitz, Dole, Herring, & Thorp, 
2009), physiological stress reactions are a likely mechanism of transmission for fetal 
programming (O'Connor et al., 2013). Coping can reduce the physiological reactions to 
stressors (Olff et al., 2005a; Southwick et al., 2005), but very few prenatal stress studies 
have tested the role of coping in prenatal maternal stress. 
In a sample of women exposed to Hurricane Katrina during pregnancy, Oni et al. 
(2012) found clear relationships between maternal coping and disaster-related PTSD. 
Higher use of denial, venting, behavioural disengagement and self-blame predicted more 
severe PTSD symptoms, and higher use of humour predicted less severe PTSD 
symptoms. Coping strategies did not moderate the effects of objective hurricane 
exposure on PTSD. It would have been interesting to see whether coping strategies 
instead functioned as mediators, especially as there were several significant correlations 
between hurricane exposure and coping strategies. Maternal coping strategies did 
moderate the relationship between perceived stress and PTSD: for women with higher 
compared to lower perceived stress, instrumental support, venting and behavioural 
disengagement predicted more severe PTSD symptoms, and humour predicted less 
severe PTSD symptoms. These findings suggest that coping may influence the 
psychological sequelae following exposure to a natural disaster, and that the effect 
depends on the type of coping strategy used.  
In a follow-up study, Oni et al. (2015) extended their investigation to the 
relationship between maternal coping and pregnancy complications following disaster 
exposure. They found that higher use of planning, acceptance, humour, instrumental 
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support and venting predicted a reduced risk of pregnancy complications like 
gestational diabetes or pregnancy-induced hypertension. Higher use of denial predicted 
a higher risk of gestational diabetes. Maternal coping strategies did not moderate the 
relationship between hurricane exposure and pregnancy complications, but again it 
would have been interesting to see whether coping strategies functioned as mediators.  
Zhu et al. (2010) found that negative maternal coping did not moderate the 
relationship between stressful life events and birth outcomes (i.e., preterm birth and 
low birth weight), even though women who reported high negative coping also reported 
higher numbers of stressful life events during pregnancy, and stressful events predicted 
preterm birth and birthweight. Coping was also reported to be nonsignificant as a 
mediator, although this seems to have been determined by the significance of the 
regression coefficients in models with and without coping rather than by calculating the 
size of the indirect effect. Negative maternal coping did not directly predict the outcome 
measures.  
The findings of these studies suggest that maternal coping may be more 
influential when dealing with a natural disaster compared to other stressful life events 
or, alternatively, that particular coping strategies are more predictive than an overall 
avoidant coping style. It should be noted that the coping assessment used by Oni et al. 
(2015) measured a wider range of coping strategies than that used by Zhu et al. (2010), 
and that the avoidance-related subscales (i.e., self-distraction and behavioural 
disengagement) did not predict pregnancy complications in their study either, although 
disengagement did positively predict PTSD symptoms. 
4.5.3 Coping, prenatal stress and child development 
These prenatal stress studies show that maternal coping can influence the psychological 
sequelae following exposure to natural disasters during pregnancy, and can predict 
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pregnancy complications following this type of extreme stressor. If the effects of 
maternal coping also extend to children, then coping interventions could be considered 
to reduce the negative effects of prenatal stress. Only one prenatal stress study could be 
located that tested the extent to which maternal coping could predict the effects of 
prenatal stress on child development.  Zhu et al. (2015) measured maternal stressful life 
events during pregnancy and maternal avoidant coping, and asked mothers to report 
their child’s ADHD symptoms at 48 to 54 months of age. Maternal avoidant coping was 
positively correlated with and predicted child ADHD symptoms for boys. There was a 
significant interaction, with stressful life events predicting more ADHD symptoms for 
boys whose mothers reported high avoidance coping, compared to those with lower 
avoidance coping. Their earlier study (Zhu et al., 2010) did not find a relationship 
between coping and birth outcomes, but this follow-up study suggest that maternal 
avoidant coping can exacerbate the relationship between prenatal maternal stress and 
child behaviour.  
Levy-Shiff, Lerman, Har-Even, and Hod (2002) also found that maternal coping 
had a moderating effect on child development. In a study of mothers with diabetes, 
there was an interaction between diabetic status and coping, with higher maternal 
problem-focused coping predicting higher child psychomotor development at 1 year, but 
only for women with diabetes and not the control group. This study did not test the 
effect of coping on prenatal maternal stress but the findings suggest that the use of 
active, problem-solving approaches mitigates some of the child development risks 
associated with this type of pregnancy complication. They also found a direct 
relationship between coping and child development, with higher maternal problem-
focused coping in the second trimester of pregnancy predicting higher child cognitive 
development scores at 1 year. A previous study (Levy-Shiff et al., 1998) specifically 
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tested the Lazarus and Folkman (1984) model of coping. It found that higher emotion-
focused coping predicted lower cognitive development at one year of age. Indirectly, the 
relationship between maternal coping and child development was mediated by 
maternal efficacy and affiliative behaviours at one month post-partum, which predicted 
child psychomotor and cognitive development at one year of age. Relationships were 
positive for problem-focused coping and negative for emotion-focused coping.  
 
4.6 Conclusion, and future research 
Taken together, these studies suggest that coping may influence the relationship 
between prenatal maternal stress and child development, but this has only just begun to 
be tested within the prenatal stress literature. This is crucial information, as coping is 
amenable to intervention (Olff et al., 2005a). However, the evidence base is currently 
lacking, and without it, “…trying to change the ways that women respond to stress may 
be challenging, not always beneficial, and arguably may even be harmful in some cases” 
(Guardino & Schetter, 2014, p. 88), especially if interventions are not tailored to the 
context of the individual’s life (Huizink et al., 2002a). 
Future research should investigate the role of coping in the relationship between 
prenatal stress, maternal health and wellbeing, and child development. Research should 
test whether coping predicts maternal stress, and extend this to investigating direct and 
indirect relationships with child development. It may be beneficial to explore individual 
coping strategies rather than broader coping types, or to use cluster analysis to identify 
coping profiles within the study sample. 
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4.7 This thesis 
The empirical study in Chapter 5 investigates the relationships between coping 
strategies and maternal subjective stress, and whether coping predicts child motor 
development via the cascades of maternal stress reactions identified in Chapters 2 and 
3. It brings together the Lazarus and Folkman (1984) model of coping with the disaster 
cascade and uses cluster analysis to identify the coping profiles of the mothers in the 
study.  
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CHAPTER 5: The role of coping in the relationship between prenatal 
maternal stress and child motor development: The QF2011 Flood 
Study 
 
5.1 Preface 
Chapters 2 and 3 identified two novel psychological mechanisms of transmission for the 
effects of prenatal maternal stress: one for child fine motor development, via maternal 
peritraumatic distress and posttraumatic stress, and one for child gross motor 
development, via maternal peritraumatic dissociation. This chapter incorporates 
maternal coping into these models in order to investigate coping strategies as a 
predictor of maternal stress and child development. This study addresses the second 
aim of this thesis: understanding whether maternal coping influences the relationship 
between prenatal maternal stress and child motor development. 
The design of this study was shared between myself (80%) and my supervisors 
(Vanessa Cobham, Gabrielle Simcock and Suzanne King). It used the data previously 
collected at the 16 and 30 month assessments by myself and QF2011 research team 
(note: one new measure is introduced in this chapter: the BriefCOPE. The remaining 
measures are the same as those used in Chapters 2 and 3). I was wholly responsible for 
the statistical analysis, although I sought modelling advice from two professional 
statisticians, and for writing the paper, on which my supervisors provided very helpful 
feedback. A shorter version of the article in this chapter will be submitted to a stress 
journal. 
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5.2 Abstract 
Exposure to prenatal maternal stress predicts long-lasting effects on child development. 
The next critical step for prenatal stress research is to identify variables that can explain 
this relationship and potentially improve child developmental trajectories. This study 
aimed to test whether maternal coping strategies: 1) predicted maternal flood-related 
stress; and 2) indirectly predicted child development. The Queensland Flood Study 
(QF2011) recruited women who were pregnant during a major urban flood. At 
recruitment we measured maternal flood exposure, peritraumatic distress and 
dissociation, posttraumatic stress, and coping. At 30 months postpartum (N = 150) we 
measured maternal postnatal stress and assessed child fine and gross motor 
development using the Bayley III. Results showed that higher typical use of denial, 
acceptance and emotional support predicted higher maternal stress, which in turn 
predicted lower child motor development. In contrast, typical use of active coping and 
humour predicted lower maternal stress, which in turn predicted higher child motor 
development. These findings suggest that typical maternal coping predicts the 
psychological sequelae following exposure to a natural disaster, and that the 
relationships between coping and maternal stress have flow-on effects to child 
development. These findings have implications for guiding policy and interventions for 
pregnant women following natural disasters.  
 
5.3 Introduction 
A large body of research has established that prenatal maternal stress can have 
profound and persistent effects across a number of different areas of child development 
(DiPietro, 2012; Graignic-Philippe et al., 2014; King et al., 2012; Kingston et al., 2012; 
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Monk, Spicer, & Champagne, 2012; O'Connor et al., 2014; Robinson et al., 2011; 
Sandman & Davis, 2010; Talge et al., 2007; Vallotton et al., 2012). The next critical step 
in prenatal stress research is to identify variables that can potentially improve 
developmental trajectories. Coping is a logical candidate for investigation in prenatal 
stress research because it can explain individual variability in the relationship between 
stress and health and is influential during pregnancy (Huizink et al., 2002a; Kendall & 
Terry, 2009; Levy-Shiff et al., 1998; Martin & Brantley, 2004; Razurel et al., 2013). The 
aims of this study were to investigate whether maternal coping strategies: 1) predicted 
maternal subjective stress following exposure to a natural disaster during pregnancy; 
and 2) indirectly predicted child motor development via relationships with maternal 
stress.  
5.3.1 Disaster-related prenatal maternal stress and child development 
Stress is associated with adverse impacts on both physical and mental health (Holahan 
& Moos, 1985; Kessler et al., 1985; Razurel et al., 2013), and when it occurs during 
pregnancy it can also influence the developing fetus (Martin & Brantley, 2004; Sandman 
& Davis, 2010). Disasters are an excellent way to study prenatal stress because they are 
random and independent of maternal factors, such as socioeconomic status and mental 
health, which enables researchers to better separate the effects of stress from shared 
genetic influences on child development (DiPietro, 2012; King et al., 2012). Exposure to 
disasters can trigger a cascade of psychological stress reactions: higher disaster 
exposure predicts higher immediate (“peritraumatic”) distress, which predicts more 
severe posttraumatic stress symptoms (Brunet et al., 2001; Simeon, Yehuda, Knutelska, 
& Schmeidler, 2008)(see Chapters 2 and 3). Disaster exposure during pregnancy can 
influence child development, with natural and man-made disasters predicting birth 
outcomes (Dancause et al., 2011; Harville et al., 2011; Lederman et al., 2004), cognition 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT        
[133] 
 
and language (Laplante et al., 2004; Laplante et al., 2007), temperament (Brand et al., 
2006; Laplante et al., in press), internalising and externalising behaviours (King et al., 
2012), and motor development (Cao et al., 2014) (see Chapters 2 and 3). Despite these 
persistent effects, few studies have investigated variables, such as coping, that may help 
to explain the negative effects of prenatal stress on maternal and child health and 
development. 
5.3.2 Coping 
“Coping” is the process of using cognitive, emotional and behavioural strategies to 
manage stressors, and it is fundamental to understanding the individual variability in 
the experience and consequences of stress (Folkman & Lazarus, 1980; Kessler et al., 
1985; Olff et al., 2005a; Razurel et al., 2013; Skinner et al., 2003). The Lazarus and 
Folkman (1984) model is the most influential when it comes to explaining the role of 
coping (Carver & Connor-Smith, 2010; Dunkel Schetter, 2011). Under this model, when a 
potentially stressful event occurs, the individual appraises the level of threat and 
activates their coping strategies. Coping strategies predict short-term psychological and 
physiological stress reactions, indirectly influencing the relationship between the 
stressor and long-term health and wellbeing (Kendall & Terry, 2009; Lazarus & Folkman, 
1984). This process is highly individualised, explaining why different individuals can 
have different reactions to, and consequences from, the same stressor (Honey et al., 
2003; Kendall & Terry, 2009; Lazarus & Folkman, 1984; Morris & Rao, 2013).  
Physiological mechanisms of stress and coping. The relationship between 
stress and coping can be partly explained by the interplay between their underlying 
physiological mechanisms. Coping can reduce the negative effects of stress by changing 
the physiological stress response and biochemical processes (Martin & Brantley, 2004; 
Olff et al., 2005a; Southwick et al., 2005). Although the mechanisms by which prenatal 
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stress influences child development are still under investigation, physiological cascades 
of stress-related hormones have received the most attention. Developing posttraumatic 
stress disorder (PTSD) in response to disasters can influence maternal cortisol levels 
(Brand et al., 2006; Perroud et al., 2014; Yehuda et al., 2005). Maternal cortisol during 
pregnancy can predict infant cortisol response (O'Connor et al., 2013; Perroud et al., 
2014; Yehuda et al., 2005), and infant cortisol can predict later cognitive development 
(Bergman et al., 2010; Davis & Sandman, 2010; Huizink et al., 2002b). Disengagement 
coping is associated with higher cortisol levels and strategies like problem-solving are 
associated with lower cortisol levels (Morris & Rao, 2013). This suggests that coping 
may influence the physiological reactions to stressors, and by extension may influence 
the effect of prenatal maternal stress on child development. However, this may depend 
on the type of coping strategies used (Olff et al., 2005a; Southwick et al., 2005).  
Types of coping. Despite copious research, there is no gold standard of coping 
measurement, no consensus about the precise taxonomy of coping, and disagreement 
regarding the effectiveness of different types of coping strategies (Folkman & 
Moskowitz, 2004; Levy-Shiff et al., 1998; Skinner et al., 2003). One review identified 
more than 400 individual strategies and 15 higher order classifications (Skinner et al., 
2003), but the Folkman and Lazarus (1980) view of problem- and emotion-focused 
coping has dominated the literature (Carver & Connor-Smith, 2010; Nielsen & Knardahl, 
2014; Skinner et al., 2003). Problem-focused strategies aim to directly address the 
stressor or to reduce its impact, for example, making a plan of action or seeking 
instrumental support (Folkman & Moskowitz, 2004). Emotion-focused strategies aim to 
reduce the emotional impact of the stressor, for example, venting or seeking emotional 
support (Folkman & Moskowitz, 2004).  
However, broad categories like these may obscure important differences. Labels 
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like “problem-focused” can be applied to different coping behaviours across studies, 
making it difficult to compare results. Grouping coping strategies under categories can 
also mask differences in outcomes that are attributable to the individual strategies 
within the category (Carver & Connor-Smith, 2010; Folkman & Moskowitz, 2004; 
Guardino & Schetter, 2014; Oni et al., 2015). It is theoretically difficult to allocate 
strategies to categories as, for example, seeking social support can be problem-focused 
if the goal is to obtain instrumental help, or emotion-focused if the goal is to obtain 
reassurance (Carver & Connor-Smith, 2010). Alternatively, it can be useful to avoid 
categorisation and instead investigate coping strategies individually (Carver & Connor-
Smith, 2010), or to group people according to the pattern of strategies in use (using 
cluster analysis), better reflecting the way coping works in practice and identifying a 
coping profile that may be comprised of both problem- and emotion-focused strategies 
(Aldwin, 2007; Carver & Connor-Smith, 2010; Martin & Brantley, 2004; Nielsen & 
Knardahl, 2014).   
5.3.3 Coping, prenatal maternal stress and child development 
Coping is an ideal candidate for intervention with pregnant mothers because of its 
effectiveness in reducing the associated outcomes of stress, its amenability to change 
(Kessler et al., 1985; McColl et al., 1995), and its association with cortisol levels, which 
are a primary focus for the transmission of the effects of prenatal stress (Morris & Rao, 
2013; O'Connor et al., 2014). However, few prenatal stress studies have incorporated 
maternal coping.  
In a sample of women exposed to Hurricane Katrina during pregnancy, Oni et al. 
(2012) found that the majority of maternal coping strategies were positively correlated 
with PTSD symptoms. Regression analyses found that higher use of denial, venting, 
behavioural disengagement and self-blame predicted more severe PTSD symptoms, and 
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that humour predicted less severe PTSD symptoms. Maternal coping strategies did not 
moderate the effects of objective hurricane exposure on PTSD. In a follow-up study, Oni 
et al. (2015) extended their investigation to pregnancy complications following disaster 
exposure. They found that planning, acceptance, humour, instrumental support and 
venting predicted a reduced risk of gestational diabetes and pregnancy-induced 
hypertension, while denial coping predicted a higher risk of gestational diabetes. These 
findings suggest that maternal coping is related to the psychological sequelae following 
exposure to a natural disaster, and that the relationship depends on the type of coping 
strategy used.  
Only one prenatal stress study could be located that tested the role of maternal 
coping in the relationship between prenatal stress and child development. Focusing on 
stressful life events during pregnancy rather than exposure to a natural disaster, Zhu et 
al. (2015) measured the number of events and maternal avoidant coping, and asked 
mothers to report their child’s attention-deficit hyperactivity disorder (ADHD) 
symptoms at 48 to 54 months of age. Maternal avoidant coping was positively correlated 
with and predicted child ADHD symptoms for boys. There was a significant interaction, 
with stressful life events predicting more ADHD symptoms for boys whose mothers 
reported high avoidance coping, compared to those with lower avoidance coping. Even 
though their earlier study (Zhu et al., 2010) did not find a relationship between 
maternal coping and birth outcomes, this follow-up study suggests that maternal 
avoidant coping can exacerbate the effects of prenatal maternal stress on child 
behaviour. However, all measures in this study were maternal-rated, and the coping 
analysis used an overall score rather than exploring individual coping strategies. 
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5.3.4 The present study 
The Queensland Flood Study (QF2011) is a prospective, longitudinal investigation of the 
biopsychosocial relationship between prenatal stress and postnatal child development 
(for the full research protocol, see King et al., 2015). We recruited women who were 
pregnant during a major urban flood and assessed their level of flood exposure, 
peritraumatic distress and dissociation, longer-term posttraumatic stress symptoms, 
and typical coping strategies. When children were aged 16 and 30 months we conducted 
developmental assessments and measured maternal postnatal stress. Our earlier studies 
found that flood exposure and maternal stress reactions acted together to predict child 
motor development. For fine motor development, higher maternal flood exposure 
predicted higher peritraumatic distress, which predicted more severe posttraumatic 
stress symptoms (PTS), which in turn predicted poorer child fine motor development 
(see Chapters 2 and 3). For gross motor development, higher maternal flood exposure 
predicted higher peritraumatic dissociation, which predicted poorer child gross motor 
development (see Chapter 3).  
The aims of the present study were to investigate whether maternal coping 
strategies predicted maternal subjective stress, and whether coping strategies were 
indirectly related to child motor development via maternal stress. In a novel approach it 
brings together the disaster-related cascade of stress-reactions (Brunet et al., 2001) and 
the Lazarus and Folkman (1984) model of coping. Based on the research reviewed 
above and previous results at 30 months, we hypothesized that: 1) individual coping 
strategies would predict maternal subjective stress following exposure to a natural 
disaster during pregnancy; 2) coping would be indirectly related to child fine motor 
development at 30 months via maternal peritraumatic distress and posttraumatic 
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stress; and 3) coping would be indirectly related to child gross motor development at 30 
months via maternal peritraumatic distress and dissociation. 
 
5.4 Method 
This section contains a brief description of the participants, procedures and measures 
for the current study; for further details about the QF2011 protocol see King et al. 
(2015).  
5.4.1 Participants 
At recruitment (N = 224), the majority of mothers were living with a partner or spouse 
(83.9%), had completed a tertiary degree (57.4%), and earnt more than $34, 000 per 
year (93.0%). Mothers were predominantly Caucasian (96.3%). At the birth of the study 
child, mothers on average were 30.40 years old (SD = 5.26 years, range = 18 – 47 years). 
At the 30 month assessment (M = 30.28 months, SD = 0.72 months, Range = 28.29 – 
32.16 months) (N = 150) there were slightly more boys (53.7%) than girls (46.3%) in 
the sample.  
5.4.2 Procedures 
Questionnaires were administered at recruitment and at 16 and 30 months postpartum. 
Recruitment questionnaires assessed flood-related variables, mental health, coping 
strategies and demographics. Postpartum questionnaires assessed mental health, 
parenting stress, stressful life experiences, coping, social support and child 
development. Face-to-face developmental assessments at 16 and 30 months postpartum 
assessed a broad range of child developmental outcomes but only the fine and gross 
motor results are reported here. Mothers received a $30 gift voucher for participation in 
each stage of the study and children received a small toy at the developmental 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT        
[139] 
 
assessment. This study has ethical approval from the Mater Hospital HREC (1709M, 
1844M) and The University of Queensland (2013001236). 
5.4.3 Measures 
Objective flood stress. Flood exposure was assessed with the Queensland Flood 
Objective Stress Scale (QFOSS; King et al., 2015). This scale drew on those used in other 
disaster studies (Laplante et al., 2007) but was specific to the events of the Queensland 
Flood. There are 49 items assessing four aspects of the disaster: threat, loss, scope and 
change. Scores range from 1 to 200, with higher scores indicating more severe flood 
exposure. 
Subjective Maternal stress. Maternal flood-related subjective stress was 
measured using three instruments. Symptoms of distress experienced during and 
immediately after the flood were assessed with the Peritraumatic Distress Inventory 
(PDI-Q; Brunet et al., 2001). It has 13 items, rated on a 5 point Likert scale from 0 (“Not 
at all true”) to 4 (“Extremely true”), is internally consistent (alpha = 0.76), reliable over 
time (Brunet et al., 2001), and predicts PTSD symptoms (Guardia et al., 2013). 
Symptoms of dissociation experienced during and immediately after the flood 
were assessed with the Peritraumatic Distress Inventory (PDEQ; Marmar et al., 1997). It 
has 10 items, rated on a 5 point Likert scale from 0 (“Not at all true”) to 4 (“Extremely 
true”), is internally consistent (alpha = 0.85) (Brunet et al., 2001), and correlates highly 
with PTSD symptoms (Brooks et al., 2009). 
Posttraumatic stress (PTS) symptoms were assessed with the Impact of Events 
Scale – Revised (IES-R; Weiss & Marmar, 1997). Participants were asked to refer to their 
flood experiences but to report the symptoms they had experienced in the past 7 days. 
The 22 items use a 5-point Likert scale ranging from 0 (“Not at all”) to 4 (“Extremely”). 
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The scale has high internal consistency (alpha = 0.74 - 0.94) and test-retest reliability (r 
= 0.51 - 0.94) (Creamer et al., 2003; Weiss & Marmar, 1997). 
Parenting stress. Postnatal parenting stress was assessed at 16 and 30 months 
with the short form of the Parenting Stress Index (PSI-SF; Abidin, 1995). Three 
subscales were included in this study: Parental Distress, Dysfunctional Interaction, and 
Difficult Child. Most items are rated on a 5 point Likert scale from 1 (“Strongly disagree) 
to 5 (“Strongly agree”). The PSI-SF is commonly used in stress studies and has 
demonstrated good construct validity (Reitman et al., 2002). 
Maternal mental health. Postnatal maternal mental health was assessed at 16 
and 30 months using the short form of the Depression, Anxiety and Stress Scale (DASS-
21; Lovibond & Lovibond, 1995). Three subscales of 7 items were rated on a 4 point 
Likert scale from 0 (“Did not apply to me at all”) to 3 (“Applied to me very much, or most 
of the time”). The three subscales are reliable but moderately correlated (Lovibond & 
Lovibond, 1995). 
Coping. Maternal coping was measured at recruitment using the BriefCOPE 
(Carver, 1997). Participants were asked to consider how they typically tried to deal with 
stressful situations and to rate how frequently they used 14 types of coping strategy 
(two items per strategy) on a 4 point Likert scale from 1 (“I did not do this at all”) to 4 
(“I did this a lot”). The subscales are: self-distraction, active coping, denial, substance 
use, emotional support, instrumental support, behavioural disengagement, venting, 
positive reframing, planning, humour, acceptance, religion and self-blame. Scores for 
each coping subscale were created by summing the scores of the two items pertaining to 
that strategy. Higher subscale scores indicate higher use of that coping strategy. 
Child motor development. Researchers who were blind to the mother’s flood 
exposure assessed child motor development at 16 and 30 months using the Bayley 
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Scales of Infant Development, 3rd Edition (BSID-III; Bayley, 2006a). The Bayley has high 
internal consistency (average alpha = 0.86 for Fine Motor, average alpha = 0.91 for Gross 
Motor) and is widely used in developmental studies. Scaled scores assess development 
against same-age peers (M = 10, SD = 2). Growth scores track change over time (M = 
500, SD = 100) and therefore should be used for analyses that include child development 
at more than one time point (e.g., when controlling for previous development). All 
analyses reported here used growth scores. 
5.4.4 Statistical analyses 
Data were analysed using SPSS version 21. Separate variance t-tests showed that eligible 
recruited dyads who did (N = 147) and did not (N = 77) attend the developmental 
assessment at 30 months did not significantly differ on any of the flood-related or 
coping variables after Bonferroni correction for multiple tests. Little’s MCAR test was 
non-significant, 2 (15) = 11.256, p = .734, indicating that the data can be treated as 
Missing Completely at Random (MCAR). Multiple imputation was used to address 
missing covariate data, maintaining power by retaining all participants (Graham, 2009). 
Flood-related variables and motor development at 30 months were used as predictors 
only (i.e., not imputed), and covariates and motor development at 16 months were 
entered as both predictors and imputed variables (percent missing: mental health 13.3 – 
14.7%; parenting stress 14 – 14.7%; motor development 13.3%). In total, ten datasets 
were created using predictive mean matching. Pooled values across datasets not 
provided by SPSS were calculated using the rules established by Rubin (1987). No clear 
formula is available for pooling bootstrapped confidence intervals, so the ranges for the 
lower and upper limits across the 10 datasets are reported.  
Data were transformed as required to improve normality, and the single outlier 
on the fine motor scale was recoded to a value 3 standard deviations from the mean 
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(Ghosh & Vogt, 2012). No multivariate outliers were detected. Once the data were 
cleaned, correlations were used to explore relationships between variables. Cluster 
analysis of the BriefCOPE was used to identify coping profiles within the sample. 
Multivariate regressions were used to detect predictive relationships, and the PROCESS 
macro (Hayes, 2013) was used to test the relationship between individual coping 
subscales and: 1) child fine motor development via maternal peritraumatic distress and 
dissociation acting in serial; and 2) child gross motor development via maternal 
peritraumatic distress and dissociation acting in parallel. Regression coefficients are 
unstandardized, and 95% confidence intervals are bias-corrected generated on 10,000 
bootstraps incorporating the same random seed across models. 
 
5.5 Results 
5.5.1 Coping and maternal stress 
Average coping varied across coping strategy, with active coping reported more often 
and substance use reported least often (see Table 5.1). A hierarchical cluster analysis of 
the BriefCOPE using Ward’s linkage revealed that mothers were grouped according to 
frequency of use across all coping strategies (i.e. overall high, medium and low coping 
use), rather than by use of particular types or profiles of coping. This suggests that 
mothers tend to activate multiple coping strategies at once. Based on this finding, all 
coping subscales were included in analyses as covariates in order to identify strategies 
contributing unique variance. To reduce the number of covariates, four subscales were 
dropped based on low scores and/or lack of significance in preliminary screening: 
substance use, self-blame, positive reframing, and religion. 
Peritraumatic distress. Bivariate correlations showed that maternal 
peritraumatic distress was positively correlated with active coping, emotional and 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT        
[143] 
 
instrumental support, planning, acceptance and denial (see Table 5.1). Mothers 
reporting higher distress typically used a range of coping strategies more frequently. 
Regression analysis showed that coping strategies explained 9.7% of the variance in 
maternal peritraumatic distress and there was a significant main effect for denial, with 
higher typical use of denial predicting higher distress (see Table 5.2).  
Peritraumatic dissociation. Bivariate correlations showed that peritraumatic 
dissociation was positively correlated with active coping, emotional and instrumental 
support, planning, self-distraction and denial (see Table 5.1). Mothers reporting higher 
dissociation typically used a range of coping strategies more frequently. Regression 
analysis found that coping strategies explained 15.9% of the variance in maternal 
peritraumatic dissociation and revealed two significant main effects: higher typical use 
of denial predicted higher peritraumatic distress, and higher typical use of humour 
predicted lower peritraumatic distress (see Table 5.2). 
Posttraumatic stress. Bivariate correlations showed that maternal 
posttraumatic stress symptoms were positively correlated with active coping, emotional 
and instrumental support, planning, denial and behavioural disengagement (see Table 
5.1). Mothers who reported more severe posttraumatic stress symptoms typically used 
a range of coping strategies more frequently. Regression analysis found that coping 
strategies explained 11.6% of the variance in maternal posttraumatic stress (see Table 
5.2). There were three significant main effects: higher typical use of denial predicted 
higher posttraumatic stress, higher typical use of behavioural disengagement predicted 
higher posttraumatic stress, and higher typical use of venting predicted lower 
posttraumatic stress.   
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Table 5.1. 
Descriptives of predictors, outcomes and covariates, and correlations with flood variables. 
 
Recruit. 
 (N = 224)  
30 months 
(N = 150)  Correlations 
Measure M (SD)  M (SD)  
Flood 
expos 
Peri. 
distres 
Peri. 
dissoc. PTS 
Stressor/reactions        
  Flood exposure 20.14 
(16.56) 
 
20.99 (16.94)   -  -  -  - 
  Peri. distress 11.78 (8.54)  11.74 (8.37)   .472**  -  -  - 
  Peri. dissoc. 5.94 (7.25)  6.25 (7.70)   .413**  .690**  -  - 
  PTS 6.84 (11.43)  6.55 (10.91)   .579**  .532**  .496**  - 
Coping strategies        
  Self-distraction 4.60 (1.75)  4.53 (1.61)   .145**  .126^  .160*  .119^ 
  Active 5.30 (1.87)  5.42 (1.77)   .221**  .165*  .138*  .146* 
  Denial 2.56 (0.94)  2.64 (1.00)   .023  .166*  .307*  .213* 
  Substance use 2.26 (0.81)  2.29 (0.88)   .015 -.015 -.028  .033 
  Emot. support 4.96 (1.89)  5.07 (1.81)    .141*  .189**  .182**  .145* 
  Instr. support 4.69 (1.87)  4.72 (1.79)   .147*  .163*  .182**  .145* 
  Behav. diseng. 2.61 (1.01)  2.61 (0.92)   .093  .055  .098  .189** 
  Venting 4.20 (1.70)  4.19 (1.55)  -.008  .116^  .108  .016 
  Pos reframing 4.57 (1.78)  4.82 (1.75)   .173**  .082  .069  .099 
  Planning 5.04 (1.95)  5.18 (1.88)   .185**  .219**  .149*  .152* 
  Humour 3.26 (1.52)  3.35 (1.50)   .133*  .008 -.037  .005 
  Acceptance 5.41 (1.60)  5.54 (1.55)   .117^  .202**  .042  .068 
  Religion 3.41 (2.05)  3.54 (2.08)   .098  .071  .063  .049 
  Self-blame 3.39 (1.69)  3.33 (1.51)   .068  .010  .049  .034 
Motor development        
  30m Fine 
motor a 
  
618.53 
(14.27) 
 -.002  .083  .029 -.101 
  30m Gross 
motor 
  
611.67 
(11.14) 
 -.091  .018 -.117 -.067 
Covariates         
  16m Fine 
motor  
  
563.62 
(13.07) 
 -.082 -.006 -.014 -.138 
  16m Gross 
motor 
  
548.27 
(27.20) 
  .041  .044  .095 -.068 
  Timing 120.55 
(77.39) 
 
120.09 
(77.11) 
  .002  .012 -.044  .058 
  Sex of child b 
  
54% boys, 
46% girls 
 -.023 -.078  .011 -.039 
  Depress. 16m   4.88 (6.87)  .171* .076  .129 .141 
  Distress 16m    26.50 (8.97)  .091 .097  .007 .145^ 
a All motor development scores reported are Bayley Growth scores.  
b Coding for sex: 0 = male, 1 = female.  
** p < 0.001  * p < 0.05  ^ p = .051 - 0.   
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Table 5.2. 
 
Multivariate regression coefficients for coping strategies and maternal subjective stress at 
recruitment (N = 220). 
 
 Peritraumatic 
distress 
 Peritraumatic 
dissociation 
 Posttraumatic  
stress 
 B 95% CI  B 95% CI  B 95% CI 
Intercept  1.32* [0.78, 1.86]  0.10 [-0.58, 0.79]  -0.25 [-1.06, 0.56] 
Self-distract.   0.12   [-0.06, 0.08]  0.06 [-0.04, 0.15]    0.04 [-0.07, 0.14] 
Active -0.01 [-0.10, 0.07]  0.01 [-0.10, 0.12]    0.05 [-0.08, 0.17] 
Denial  0.16* [0.04, 0.27]  0.35* [0.20, 0.49]      0.24* [0.06, 0.41] 
Emot. support  0.03 [-0.07, 0.13]  0.06 [-0.06, 0.19]    0.04 [-0.11, 0.19] 
Instr. support  0.01 [-0.09, 0.11]  0.05 [-0.08, 0.18]    0.05 [-0.10, 0.20] 
Behav. diseng. -0.02 [-0.13, 0.10]  -0.02 [-0.16, 0.13]     0.18* [0.02, 0.35] 
Venting -0.02 [-0.11, 0.06]  -0.03 [-0.13, 0.08]  -0.13* [-0.26, 0.01] 
Planning   0.07 [-0.02, 0.16]  0.03 [-0.09, 0.14]   0.06 [-0.08, 0.19] 
Humour -0.07 [-0.14, 0,02]  -0.12* [-0.21, -0.02]  -0.08 [-0.20, 0.03] 
Acceptance  0.07 [-0.01, 0.14]  -0.01 [-0.11, 0.08]    0.02 [-0.09, 0.14] 
* p < 0.05 
 
Overall, typical maternal coping predicted the severity of maternal subjective 
stress. Both positive and negative relationships were evident, and relationships were 
dependent on the type of stress and the specific coping strategy. 
5.5.2 Coping and child fine motor development 
On average, child fine motor development at 30 months was one normed standard 
deviation above the normed average (see Table 5.1). Fine motor scores hovered around 
the 75th percentile at both 16 and 30 months (Bayley, 2006a). Fine motor development 
at 30 months was not significantly correlated with any flood-related variable (Table 5.1), 
or any coping strategy, but was positively correlated with 16 month maternal 
depression (r = .241, p = .007) and parental distress (r = .208, p = .019).  
Previous analyses at 30 months found that flood exposure indirectly predicted 
child fine motor development via maternal peritraumatic distress and posttraumatic 
stress acting in serial (see Chapter 3). Mediation analyses were used to test whether 
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maternal coping strategies predicted this cascade of maternal subjective stress 
reactions, and were therefore indirectly related to child fine motor development (see 
Figure 5.1). To provide the most stringent test of the model we controlled for flood 
exposure, sex, significant maternal postnatal stress variables (depression and parental 
distress at 16 months), and fine motor development at 16 months, along with the 
included coping subscales. However, depression and parental distress were not 
significant predictors in any of the preliminary analyses and were dropped from the 
models.  
The indirect effect between typical maternal coping and child fine motor 
development was significant in models that tested denial, active coping, emotional 
support, humour and acceptance (see Table 5.3). There were three significant negative 
indirect relationships between typical maternal coping and child fine motor 
development: denial (effect = -0.25, 95% CI Lower: -0.82 to -0.77; Upper: -0.04 to -0.01), 
emotional support (effect = -0.12, 95% CI: Lower: -0.44 to -0.41; Upper: -0.01 to -0.001) 
and acceptance (effect = -0.09, 95% CI: Lower: -0.38 to -0.34; Upper: -0.01 to -0.0001). In 
these models, higher use of the coping strategy predicted higher peritraumatic distress, 
which predicted higher posttraumatic stress, which predicted lower child fine motor 
development. There were two positive indirect effects between typical maternal coping 
and child fine motor development: active coping (effect = 0.10, 95% CI: Lower: 0.01 to 
0.01; Upper: 0.37 to 0.39) and humour (effect = 0.08, 95% CI: Lower: -0.0002 to 0.002; 
Upper: 0.30 to 0.32), although the confidence interval for humour contained 0 in 1 out of 
the 10 imputed datasets. In these models, higher use of the coping strategy predicted 
lower peritraumatic distress, which predicted lower posttraumatic stress, which 
predicted higher child fine motor development. The other coping strategies were not 
significant.  
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Table 5.3 
Regression coefficients for the relationship between maternal coping and child fine motor 
development, mediated by maternal peritraumatic distress and posttraumatic stress in 
serial. 
 Peritraumatic distress  Posttraumatic stress  30m Fine Motor 
Predictors B 95% CI  B 95% CI  B 95% CI 
Denial         
Intercept  -2.73 [-8.53, 3.07]   2.04 [-5.73, 9.81]  497.54* [377.11, 617.98] 
Denial   0.22*  [0.10, 0.34]   0.16 [-0.01, 0.32]     -1.70 [-4.21, 0.81] 
Flood exposure   0.43* [0.28, 0.58]   0.69* [0.47, 0.92]      1.35 [-2.43, 5.13] 
Peri. Distress     0.51* [0.28, 0.74]  3.71* [0.08, 7.34] 
Posttraum Stress       -2.24^ [-4.79, 0.31] 
16m Fine Motor       0.21* [0.01, 0.41] 
Sex       5.59* [1.11, 10.09] 
Model R2  0.31*   .49*    0.20*  
Emot. support         
Intercept  -2.73 [-8.53, 3.07]   2.04 [-5.73, 9.81]  497.54* [377.11, 617.98] 
Emot. support   0.10^  [-0.00, 0.21]   0.04 [-0.10, 0.18]      1.84 [-0.31, 3.98] 
Flood exposure   0.43* [0.28, 0.58]   0.69* [0.47, 0.92]      1.35 [-2.43, 5.13] 
Peri. Distress     0.51* [0.28, 0.74]  3.71* [0.08, 7.34] 
Posttraum Stress       -2.24^ [-4.79, 0.31] 
16m Fine Motor       0.21* [0.01, 0.41] 
Sex       5.59* [1.11, 10.09] 
Model R2  0.31*   .49*    0.20*  
Acceptance         
Intercept  -2.73 [-8.53, 3.07]   2.04 [-5.73, 9.81]  497.54* [377.11, 617.98] 
Acceptance   0.08*  [0.001, 0.16]  -0.03  [-0.13, 0.08]     -1.06 [-2.63, 0.51] 
Flood exposure   0.43* [0.28, 0.58]   0.69* [0.47, 0.92]      1.35 [-2.43, 5.13] 
Peri. Distress     0.51* [0.28, 0.74]  3.71* [0.08, 7.34] 
Posttraum Stress       -2.24^ [-4.79, 0.31] 
16m Fine Motor       0.21* [0.01, 0.41] 
Sex       5.59* [1.11, 10.09] 
Model R2   0.31*   .49*    0.20*  
Active coping         
Intercept   -2.73 [-8.53, 3.07]   2.04 [-5.73, 9.81]  497.54* [377.11, 617.98] 
Active coping   -0.08^  [-0.18, 0.00]  -0.02  [-0.14, 0.10]     0.59 [-1.23, 2.42] 
Flood exposure    0.43* [0.28, 0.58]   0.69* [0.47, 0.92]      1.35 [-2.43, 5.13] 
Peri. Distress     0.51* [0.28, 0.74]  3.71* [0.08, 7.34] 
Posttraum Stress       -2.24^ [-4.79, 0.31] 
16m Fine Motor       0.21* [0.01, 0.41] 
Sex       5.59* [1.11, 10.09] 
Model R2   0.31*   .49*    0.20*  
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Table 5.3 continued. 
 Peritraumatic distress  Posttraumatic stress  30m Fine Motor 
Predictors B 95% CI  B 95% CI  B 95% CI 
Humour         
Intercept  -2.73 [-8.53, 3.07]   2.04 [-5.73, 9.81]  497.54* [377.11, 617.98] 
Humour  -0.07  [-0.15, 0.01]  -0.03  [-0.14, 0.08]     -1.15 [-2.79, 0.50] 
Flood exposure   0.43* [0.28, 0.58]   0.69* [0.47, 0.92]      1.35 [-2.43, 5.13] 
Peri. Distress     0.51* [0.28, 0.74]  3.71* [0.08, 7.34] 
Posttraum Stress       -2.24^ [-4.79, 0.31] 
16m Fine Motor       0.21* [0.01, 0.41] 
Sex       5.59* [1.11, 10.09] 
Model R2  0.31*   .49*    0.20*  
* p < 0.05  ^ p = .051 - 0.99 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Path model for indirect relationship between maternal coping strategies and 
child fine motor development, via maternal peritraumatic distress and posttraumatic 
stress acting in serial. 
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Overall, these findings suggest that typical maternal coping strategies are 
indirectly related to child fine motor development via their predictive relationship with 
maternal subjective stress. 
5.5.3 Coping and child gross motor development 
On average, child gross motor development at 30 months was one normed standard 
deviation above the normed average (see Table 5.1). Gross motor scores were between 
the 25th and 50th percentile at 16 months and around the 50th percentile at 30 months 
(Bayley, 2006a).  Gross motor development at 30 months was positively correlated with 
the timing of flood exposure during pregnancy (r = .200, p = .018), but was not 
correlated with any other flood-related variable, any postnatal covariate (see Table 5.1), 
or any coping strategy. 
Previous analyses at 30 months found that flood exposure predicted child gross 
motor development via maternal peritraumatic dissociation (see Chapter 3). Mediation 
analyses were used to test whether maternal coping strategies were indirectly related to 
child gross motor development via maternal peritraumatic stress (see Figure 5.2). 
Distress and dissociation were tested in parallel rather than in serial due to 
disagreement within the literature about whether a causal relationship exists between 
them (Fikretoglu et al., 2006), and lack of temporal separation in our assessment (the 
frame of reference for both measures was during and immediately after the flood). To 
provide the most stringent test of the model we controlled for flood exposure, the timing 
of flood exposure during gestation, gross motor development at 16 months, and the 
included coping subscales. 
The indirect effect between typical maternal coping and child gross motor 
development was significant in models that tested denial and humour (see Table 5.4). 
The indirect effect between denial and child gross motor development was negative and 
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significant via peritraumatic dissociation (effect = -0.82, 95% CI Lower: -2.08 to -1.94; 
Upper: -0.06 to 0.03), although the confidence interval crossed 0 in 1 of the 10 datasets. 
This suggests that higher typical use of denial predicted higher maternal peritraumatic 
dissociation, which predicted lower child gross motor development. The indirect effect 
of denial was positive but non-significant via peritraumatic distress (effect = 0.67, 95% 
CI Lower: -0.17 to 0.02; Upper: 1.70 to 1.87).  
The indirect effect between humour and child gross motor development was 
positive and significant via peritraumatic dissociation (effect = 0.30, 95% CI Lower: 
0.003 to 0.03; Upper: 0.86 to 0.91). This suggests that higher typical use of humour 
predicted lower maternal peritraumatic dissociation, which predicted higher child gross 
motor development. In contrast, the indirect effect of humour was negative and 
significant via peritraumatic distress (effect = -0.25, 95% CI Lower: -0.82 to -0.69; Upper: 
-0.02 to 0.02), although the confidence interval crossed 0 in 2 of the 10 datasets. This 
suggests that higher typical use of humour predicted lower maternal peritraumatic 
distress, which predicted lower gross motor development.  
Overall, the relationship with humour was the same for both types of 
peritraumatic stress reaction (i.e., negative), but distress and dissociation had opposite 
relationships with child gross motor development. Again, typical maternal coping was 
indirectly related to child motor development via predictive relationships with maternal 
peritraumatic stress. 
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Table 5.4 
Regression coefficients for the relationship between maternal coping and child gross 
motor development, mediated by maternal peritraumatic distress and dissociation in 
parallel. 
 Peritraumatic distress  Peritraumatic dissociat.  30m Gross Motor 
Predictors B 95% CI  B 95% CI  B 95% CI 
Denial         
Intercept    -1.51 [-4.98, 1.97]    -6.02* [-10.71, -1.32]  545.46* [487.73, 603.19] 
Denial     0.21*  [0.09, 0.34]     0.37* [0.21, 0.54]     -1.50 [-3.56, 0.56] 
Flood expos.     0.45* [0.29, 0.60]     0.56* [0.35, 0.76]     -1.57 [-4.33, 1.18] 
Peri. Distress       3.15^ [-0.13, 6.44] 
Peri. Dissoc       -2.20^ [-4.63, 0.23] 
16m G. Motor       0.13* [0.04, 0.23] 
Timing       0.02* [.001, .045] 
Model R2     0.34*        .35*    0.21*  
Humour         
Intercept  -1.51 [-4.98, 1.97]  -6.02* [-10.71, -1.32]  545.46* [487.73, 603.19] 
Humour   -0.08^  [-0.16, 0.00]   -0.13* [-0.25, -0.02]      0.60 [-0.74, 1.93] 
Flood expos.   0.45* [0.29, 0.60]    0.56* [0.35, 0.76]    -1.57 [-4.33, 1.18] 
Peri. Distress       3.15^ [-0.13, 6.44] 
Peri. Dissoc       -2.20^ [-4.63, 0.23] 
16m G. Motor       0.13* [0.04, 0.23] 
Timing       0.02* [.001, .045] 
Model R2    0.34*       .35*    0.21*  
* p < 0.05  ^ p = .051 - 0.99 
 
 
 
 
 
Figure 5.2. Path model for the indirect relationship between maternal coping strategies 
and child gross motor development, via maternal peritraumatic dissociation and 
distress in parallel. 
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5.6 Discussion 
This is one of the first studies to investigate whether maternal coping is related to child 
development following prenatal exposure to a natural disaster. It found that maternal 
coping strategies were indirectly related to child fine and gross motor development 
indirectly, via maternal subjective stress. Relationships depended on the type of coping 
strategy and the area of motor development.  
5.6.1 Coping and maternal stress 
As hypothesized, maternal coping strategies predicted maternal flood-related stress. 
Flood exposure and subjective stress (peritraumatic distress, peritraumatic dissociation 
and posttraumatic stress) positively correlated with several different coping strategies. 
These findings are in line with theories that suggest people faced with a severe stressor 
tend to activate multiple coping strategies in response (Carver & Connor-Smith, 2010; 
Jopp & Schmitt, 2010; Lazarus & Folkman, 1984; Morris & Rao, 2013; Nielsen & 
Knardahl, 2014; Olff et al., 2005b). They are also similar to the findings of Oni et al. 
(2012), where disaster exposure and posttraumatic stress symptoms were positively 
correlated with coping. Correlations were significant in both studies for active, planning, 
positive reframing, emotional support, instrumental support and distraction. More 
coping strategies were significant in the Oni study (i.e., acceptance, venting, 
disengagement and blame), which may be because Oni et al. (2012) assessed disaster-
related coping and this study assessed typical coping (this is further discussed under 
limitations).  
Regression analyses revealed both positive and negative predictive relationships 
between typical coping strategies and maternal subjective stress. Higher typical use of 
denial predicted more severe subjective stress across all three measures: peritraumatic 
distress, peritraumatic dissociation and posttraumatic stress. Higher typical use of 
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behavioural disengagement predicted more severe posttraumatic stress. In contrast, 
higher typical use of venting predicted less severe posttraumatic stress and higher 
typical use of humour predicted lower peritraumatic dissociation. These findings 
suggest that the use of some coping strategies may exacerbate maternal stress while 
other coping strategies may ameliorate it. They are remarkably similar to the findings of 
Oni et al. (2012), who reported that higher use of denial, venting and behavioural 
disengagement predicted more severe PTSD symptoms, while higher use of humour 
predicted less severe PTSD symptoms. Self-blame was significant in their study but not 
in this one, which may reflect differences in the sample or in the frame of reference for 
the coping assessment. 
The results of this study are also similar to those of other studies showing that 
coping mediates the relationship between stress exposure and longer term 
psychological sequelae like posttraumatic stress in general (e.g., Menard & Arter, 2013), 
and in the context of natural disasters in particular (e.g., Benight & Harper, 2002; 
Bosmans, Benight, Knaap, Winkel, & Velden, 2013; Bosmans & van der Velden, 2015). 
Overall, the findings of these studies suggest that coping can make a difference for 
pregnant mothers following exposure to a natural disaster, but that effects are specific to 
the type of coping strategy and the type of maternal stress. 
5.6.2 Coping and child development 
As hypothesized, the effects of maternal coping extended to child development: denial, 
humour, emotional support, acceptance and active coping were all indirectly related to 
child motor development via their predictive relationships with maternal stress. 
Fine motor development. The studies in Chapters 2 and 3 found that the events 
of a natural disaster can trigger a cascade of maternal stress reactions that predict 
poorer fine motor development in early childhood: higher flood exposure predicts 
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higher maternal peritraumatic distress, which predicts higher posttraumatic stress, 
which predicts poorer child motor development. The current study tested whether 
maternal coping predicts this cascade of maternal subjective stress reactions, indirectly 
predicting child fine motor development. Denial, emotional support and acceptance 
were negatively related to child fine motor development: higher typical use of these 
strategies predicted higher maternal peritraumatic distress, which predicted more 
severe posttraumatic stress, which predicted lower child fine motor development. In 
contrast, humour and active coping were positively related to child fine motor 
development: higher typical use of these strategies predicted lower peritraumatic 
distress, which predicted less severe posttraumatic stress, which predicted higher child 
fine motor development.  
Gross motor development. The study in Chapter 3 found that peritraumatic 
dissociation mediates the relationship between prenatal flood exposure and child gross 
motor development. The current study tested whether maternal coping was indirectly 
related to child gross motor development via maternal peritraumatic stress reactions. 
Similar to the results for fine motor development, denial was negatively related to child 
gross motor development: higher typical use of denial predicted higher peritraumatic 
dissociation, which predicted lower child gross motor development. Interestingly, 
humour was both positively and negatively related to child gross motor development, 
depending on the indirect pathway. Via dissociation, higher typical use of humour 
predicted lower peritraumatic dissociation, which predicted higher gross motor 
development. In contrast, via distress, higher typical use of humour predicted lower 
peritraumatic distress, which predicted lower gross motor development. The 
relationship between humour and maternal stress was consistent (i.e., in both cases it 
predicted less severe stress) but peritraumatic distress and dissociation have opposite 
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relationships with child gross motor development: dissociation predicts worse 
development while distress predicts better development. 
 These findings are similar to Zhu et al. (2015), who found that, for mothers 
experiencing stressful life events in pregnancy, avoidant coping predicted higher odds of 
maternal-rated ADHD symptoms in children. These findings also are similar to Oni and 
colleagues (Oni et al., 2015; Oni et al., 2012) who found that humour reduced the odds 
of both gestation diabetes and maternal posttraumatic stress in mothers exposed to a 
natural disaster, while denial and venting increased the odds. The findings on the use of 
acceptance differed between studies: in this study it was associated with poorer child 
fine motor development, yet in the Oni et al. (2015) study it predicted lower odds of 
pregnancy complications. This may reflect differences in the frame of reference for the 
measurement of coping, or perhaps the relationship between maternal coping and 
pregnancy complications is different than that between maternal coping and child 
development for some coping strategies. For example, Zhu et al. (2010) found that 
maternal coping did not predict birth outcomes, yet did predict child behaviour (Zhu et 
al., 2015). 
Overall, the results of this study suggest that maternal coping strategies predict 
maternal psychological sequelae following exposure to a natural disaster during 
pregnancy, with flow-on effects to child motor development. This effect is specific to the 
type of coping strategy and the area of motor development, suggesting that different 
coping strategies may have different effects, and potentially different underlying 
mechanisms. 
5.6.3 Mechanisms underlying the effects of coping 
We can only speculate about the mechanisms underlying the effects of coping, as the 
transmission of prenatal stress is still poorly understood (O'Connor et al., 2014). One 
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major line of enquiry has focused on stress-related hormones such as cortisol 
(O'Donnell et al., 2014). Coping can reduce the level of stress related hormones (Olff et 
al., 2005a; Southwick et al., 2005), which may reduce the level of cortisol crossing the 
placental barrier and thus reduce the influence of the prenatal stress on the developing 
fetus. Although one study found that coping and cortisol were not correlated (Harville et 
al., 2009), cortisol is difficult to study during pregnancy as some cortisol is necessary for 
optimal fetal development and cortisol levels fluctuate across pregnancy, as does 
cortisol reactivity (Beijers et al., 2014; Davis et al., 2011; O'Connor et al., 2014). Further, 
different types of coping are associated with different physiological effects (Morris & 
Rao, 2013; Olff et al., 2005a). This is an area that requires further investigation. 
5.6.4 Limitations 
There are several limitations to this study. Primarily, our coping measure asked mothers 
to describe the coping strategies they typically use in response to stressful situations, 
rather than strategies used in response to the flood. This enabled us to capture coping 
information from the women in our sample with no flood exposure, who may not have 
answered a flood-focused coping questionnaire. Prenatal stress studies commonly 
assess typical rather than situation coping (Guardino & Schetter, 2014; Schwarzer & 
Schwarzer, 1996), which in any case are often related (Carver & Scheier, 1994). It is 
likely that the numerous flood-related questionnaires completed before the coping 
measure had a priming effect, however coping with trauma can be different than general 
coping (Aldwin, 2007) and the assumption in this study that women would have used 
their typical coping strategies if they perceived the flood as stressful may not be wholly 
accurate. 
 The sample for this study was small, and relatively homogenous in terms of SES 
and cultural background. This reduces the influence of covariates, but means we do not 
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know how well these results would generalize to populations that are more diverse in 
terms of income and cultural background, both of which are predictive of child 
development and of recovery following disaster. In addition, these results are quite 
specific to a sudden severe stressor, and may not generalise to situations where stress is 
chronic, for example, maternal anxiety, and may even operate differently in response to 
different types of potentially traumatic events e.g., motor vehicle accidents or acts of 
terrorism. Additionally, although the flood-related measures used different frames of 
reference when asking mothers to report symptoms, these measures were all collected 
at one timepoint during pregnancy. This introduces potential retrospective recall bias 
and also means that the longitudinal nature of the path models should be interpreted 
with caution until they can be replicated in future studies that include several different 
measurement points during pregnancy. 
5.6.5 Future research 
The findings of this study have identified several opportunities for future studies. Future 
research should consider measuring both typical (trait) coping and situation-specific 
coping. Measuring coping as a disaster unfolds is not likely to be possible, but semi-
structured interviews following the disaster may be able to capture how appraisal and 
coping changed at different times. Additionally, this study focused on coping strategies: 
it would be useful to measure coping efficacy to understand how well the strategies 
worked. Future studies should also consider measuring prenatal social support. Social 
support is critical in disaster recovery (Kaniasty, 2011), and can also influence the use 
and effectiveness of coping strategies (Benight, Swift, Sanger, Smith, & Zeppelin, 1999; 
Schreurs & de Ridder, 1997).  
Lastly, given evidence that changes in coping strategies can induce changes in 
physiological responses (Morris & Rao, 2013), it would be extremely interesting to see 
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whether coping interventions during pregnancy can reduce the influence of prenatal 
stress on child development (e.g., Meijer et al., 2011). It is interesting that 3 out of the 7 
coping strategies that were significant in this study paralleled major initiatives and 
responses at the time of the flood. An analysis of more than 35,000 flood-related tweets 
showed that the Queensland Police Service provided frequent flood updates, advice and 
situational information, which were extensively re-tweeted (Bruns, Burgess, Crawford, 
& Shaw, 2012), facilitating active coping. Media coverage promoted a groundswell of 
community support that led to approximately 200,000 volunteers forming the iconic 
“mud army”, which provided instrumental support like sandbagging and cleaning up 
(Bohensky & Leitch, 2014; Shakespeare-Finch & Green, 2013). This became the vehicle 
for providing emotional support, with giving and receiving emotional support the 
strongest predictor of wellbeing following the floods (Shakespeare-Finch & Green, 
2013), although as a caution it should be noted that in this study emotional support was 
related to poorer child fine motor development. Finally, humour in response to adversity 
is an integral part of Australian culture (Bruns et al., 2012), perhaps best symbolized by 
the provision of plastic “floaties” (children’s swimming aids) and a snorkel to the statue 
of a local sporting hero outside a major stadium before it was inundated by floodwaters 
(Ricketts, 2011). Coping interventions with pregnant mothers would need to be 
carefully designed to avoid potentially causing harm (Guardino & Schetter, 2014; 
Huizink et al., 2002a), especially given the evidence that coping strategies can influence 
stress-related hormones that cross the placenta (Olff et al., 2005a). However, these 
reflections provide food for thought regarding potential ways to encourage people, 
including pregnant mothers, to activate coping strategies in response to community-
wide stressors like natural disasters.  
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5.6.6 Conclusion 
Despite the limitations, this study is one of first to show that coping indirectly predicts 
child motor development following in utero exposure to a natural disaster. The majority 
of prenatal stress research has focused on establishing the relationship between 
prenatal stress and child development, and investigating the underlying mechanisms of 
transmission. The next critical step is to investigate variables, including coping, that may 
improve developmental trajectories. The findings of this study suggest that coping is a 
strong candidate for both future research and intervention, with the potential to make a 
difference for children who are exposed to a disaster at this foundational stage of 
development. 
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CHAPTER 6: Discussion 
 
6.1 Preface 
This is the final chapter in this thesis. The aims of this chapter are to: 1) discuss the 
overall findings as they pertain to the research aims and questions; 2) detail the 
limitations; 3) suggest avenues for future research; and 4) explain the implications for 
research and clinical practice. 
 
6.2 Research aims and questions 
6.2.1 Part I: Prenatal maternal stress and child motor development  
Part I of this thesis aimed to better understand the relationship between prenatal 
maternal stress and child motor development in early childhood. Specifically: 1) 
whether different types of flood-related maternal stress predict different areas of motor 
development; 2) whether different types of stress work together to predict 
development; and 3) when effects emerge and whether they persist.  
Different types of stress predicted different areas of development. As 
hypothesised, different types of prenatal maternal stress predicted different areas of 
child motor development. Higher maternal posttraumatic stress predicted poorer child 
fine motor development; negative overall flood consequences predicted poorer gross 
motor development; and higher peritraumatic dissociation predicted poorer gross 
motor development. Overall, the relationship between prenatal maternal stress and 
child motor development was nuanced rather than broad, with effects specific to the 
type of stress and the area of motor development. This is consistent with other prenatal 
stress studies in which relationships were found between some types of maternal stress 
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and child development but not others (Keim et al., 2011; Laplante et al., 2004; van 
Batenburg-Eddes et al., 2009). Earlier versions of the Bayley only provided a combined 
psychomotor score, and some studies that used this measure did not find any significant 
effects for motor development (e.g. Bergman et al., 2007; Davis & Sandman, 2010). It is 
interesting to speculate whether significant effects would have been found if the 
assessment tool had enabled separate analysis of fine and gross motor development. 
Relationships were also dependent on the timing of flood exposure during 
pregnancy, but only at 16 months and not 30 months of age. At 16 months, all significant 
relationships were moderated by timing, with children exposed to the flood in the 
second and third, but not first, trimesters affected. Again, these findings are consistent 
with other studies that suggest motor development becomes more vulnerable to insult 
or injury later rather than earlier in gestation (Cao et al., 2014; Grace et al., 2015; 
Huizink et al., 2003). This is likely related to the development of the cerebellum, which 
is integral to motor skills (Strominger & Laemle, 2012). At 30 months, moderations by 
timing were no longer present, with children exposed to the flood in the first trimester 
of pregnancy also affected. This is consistent with other studies where trimester effects 
have disappeared (King et al., 2012), and emphasises the importance of longitudinal 
designs. 
Different types of maternal stress worked together to predict development. 
As hypothesised, different types of prenatal maternal stress worked together to predict 
child motor development. The literature on posttraumatic stress discusses the 
importance of peritraumatic reactions to potentially stressful events, suggesting a 
cascade from traumatic exposures, to peritraumatic distress and dissociation, and to 
longer-term posttraumatic stress (Thomas et al., 2012). In one of the key contributions 
of this thesis, this model was tested for the first time in a prenatal stress context and 
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT        
[162] 
 
was found to be significant for fine motor development. Higher flood exposure predicted 
higher maternal peritraumatic distress, which predicted more severe posttraumatic 
stress, which predicted poorer child fine motor development. This cascade has been 
proposed as a potential psychological mechanism of transmission for the effects of 
disaster-related prenatal maternal stress, and illustrates the path of influence from 
maternal trauma exposure to child development. Without testing this model, it would 
have been incorrectly concluded that flood exposure did not predict child motor 
development. Several other studies have shown that maternal psychological reactions 
are more predictive of child-related outcomes than the actual traumatic exposure 
(Harville et al., 2010). The findings of this thesis support that conclusion, but argue that 
studying one without the other is only part of the story. 
Both continuity and change were evident. The fetal programming hypothesis 
and the developmental origins of human disease (DOHaD) are the underlying 
theoretical rationales for the potentially enduring effects of prenatal maternal stress 
(Barker et al., 1993). This thesis tested these theories by investigating whether 
relationships that were significant at 16 months remained present at 30 months. Both 
continuity and change were evident, and were specific to the area of motor 
development. There was a continuing negative relationship between maternal flood-
related stress and child fine motor development: higher posttraumatic stress predicted 
poorer fine motor development at both 16 and 30 months, and higher flood exposure 
predicted poorer fine motor development at both 16 and 30 months via the influence of 
peritraumatic distress and posttraumatic stress. These findings provide further support 
for the fetal programming and DOHaD theories, suggesting that interruptions to 
prenatal development had long-term consequences. They also suggest that the potential 
psychological mechanism of transmission proposed in Chapter 2 is robust.   
PRENATAL MATERNAL STRESS AND CHILD MOTOR DEVELOPMENT        
[163] 
 
In contrast, there were several changes evident in the findings for gross motor 
development. The relationship between negative overall flood consequences and child 
gross motor development at 16 months was not present at 30 months. This challenges 
the concept of fetal programming but is in line with the DOHaD theory, which suggests 
that postnatal experiences can influence the developing brain, potentially overcoming 
deficits related to prenatal exposure to maternal stress. It may also suggest the presence 
of a gene X environment interaction, especially given the highly educated and resourced 
sample and the long-term predictive ability of overall flood consequences in our sister 
study, Project Ice Storm (Cao-Lei et al., 2015). There is some evidence that maternal 
caregiving can ameliorate the influence of prenatal stress on child development 
(Bergman et al., 2010; O'Connor et al., 2014). This is being investigated by other 
researchers within the QF2011 Study and it will be extremely interesting to see if 
maternal caregiving played a role in reducing negative effects.  
Two new relationships emerged for gross motor development at 30 months. The 
first was a main effect for the timing of flood exposure during gestation, with gross 
motor development better for children exposed to the flood later in pregnancy. At 16 
months, timing was a moderator and not a main effect. The second new relationship was 
between maternal peritraumatic dissociation and child gross motor development, with 
higher dissociation predicting lower gross motor development. Examining this 
relationship in the context of flood exposure revealed a second potential mechanism of 
transmission for the effects of disaster-related prenatal maternal stress: higher flood 
exposure predicted higher maternal peritraumatic dissociation, which predicted poorer 
child gross motor development at 30 months. Interestingly, the relationship between 
flood exposure and child development was positive via peritraumatic distress: higher 
flood exposure predicted higher maternal peritraumatic distress, which predicted better 
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gross motor development. In this study, peritraumatic reactions had both positive and 
negative relationships with child development in the context of flood exposure. 
These findings demonstrate again that different types of flood-related stress 
work together to predict development, and suggests that prenatal stress is related to 
child fine and gross motor development via different pathways. This is a key 
contribution, as it shows that peritraumatic reactions predict gross motor development 
whereas longer term posttraumatic symptoms predict fine motor development. This has 
important implications for screening and risk-assessment processes used to identify 
mothers and children who are at elevated risk of long-term consequences in the wake of 
natural disasters.  
6.2.2 Part II: Maternal coping, maternal stress and child motor development 
Part II of this thesis investigated whether coping influenced the relationships between 
prenatal maternal stress and child motor development. The majority of the prenatal 
stress literature has focused on identifying effects, validating the theoretical foundation 
of fetal programming (or variants, such as intergenerational transmission), and 
exploring mechanisms of transmission between mothers and children. Few studies have 
looked at factors that can explain or reduce negative effects and improve outcomes for 
mothers and children, yet this is essential information for evidence-informed 
interventions. For the first time in the prenatal stress literature, this thesis brought 
together the disaster cascade with the Lazarus and Folkman (1984) model of stress and 
coping. In the final key contribution of this thesis, findings showed that maternal coping 
strategies predicted flood-related maternal stress, which had flow-on effects to child 
development.  
Coping and maternal stress. As hypothesised, maternal coping strategies 
predicted maternal flood-related stress. In particular, higher typical use of denial and 
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disengagement predicted higher maternal subjective stress, whereas higher typical use 
of humour and venting predicted lower maternal subjective stress. These findings are 
extremely consistent with those of Oni and colleagues (Oni et al., 2015; Oni et al., 2012), 
the only other research team to investigate coping in relation to disaster-related 
prenatal maternal stress, although they studied maternal mental health and pregnancy 
complications rather than child development. These findings suggest that coping 
strategies may increase or reduce the severity of maternal psychological sequelae 
following exposure to a disaster during pregnancy, and may be an effective target for 
intervention. However, any interventions with pregnant mothers must consider the 
potential implications for the developing child. 
Coping and child motor development. Stress-related hormones, such as cortisol, 
can cross the placental barrier, and are considered a prime mechanism for the 
transmission of the effects of prenatal stress (Morris & Rao, 2013; O'Donnell et al., 
2014). Coping strategies can change the level of stress-related hormones (Olff et al., 
2005b; Southwick et al., 2005), which suggests that coping may influence the effects of 
prenatal maternal stress on child development.  
As hypothesised, maternal coping predicted child motor development indirectly 
via maternal subjective stress. Both positive and negative effects were evident. Denial, 
emotional support and acceptance were negatively related to child motor development. 
Controlling for flood exposure, higher typical use of these strategies predicted more 
severe maternal stress, which in turn predicted poorer child motor development. In 
contrast, active coping and humour were positively related to child motor development. 
Controlling for flood exposure, higher typical use of these strategies predicted less 
severe maternal stress, which in turn predicted better child motor development. 
However, it should be noted that while the relationship between humour and child gross 
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motor development was positive via maternal peritraumatic dissociation, it was 
negative via maternal peritraumatic distress. This is because distress was positively 
associated with child development, so the reduction in distress predicted lower motor 
development. The findings are consistent with the only other prenatal stress study to 
investigate coping and child development. Zhu et al. (2015) found that avoidant coping 
exacerbated the relationship between prenatal stressful life events and maternal-rated 
ADHD symptoms in early childhood, suggesting that coping may be influential. 
These findings further emphasise the nuances present in the relationships 
between prenatal maternal stress and child development. They also provide a great deal 
of promise for coping interventions, along with a strong cautionary note because some 
coping strategies predicted worse child development. Any intervention with pregnant 
mothers must be approach carefully and designed around a strong evidence base 
(Guardino & Schetter, 2014; Huizink et al., 2002a), and this is an area for future 
research. The few studies in the prenatal stress literature that have investigated coping 
have generally tested it as a moderator. This is theoretically tenable, as coping can either 
moderate or mediate the effects of stress (Kendall & Terry, 2009; Martin & Brantley, 
2004). However, both the disaster cascade and the Lazarus and Folkman model are 
mediated. It would be extremely interesting to see whether the effects of coping in other 
studies would be significant if coping was tested as a mediator.  
 
6.3 Limitations 
The limitations of this thesis have been discussed in chapters 2, 3 and 5. Five further 
limitations of the overall program of research are worth mentioning here. The first is the 
small sample (approximately N = 150 at the developmental assessments at 16 and 30 
months). The size of the sample was comparable to key prenatal stress studies (e.g., 
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DiPietro et al., 2006; Huizink et al., 2003) and is a credit to research team members who 
worked hard to recruit and retain participants, but it may have limited the ability to find 
significant effects. This is especially true for the coping chapter, where some of the 
effects were small.  
Second, the homogeneity of the sample in terms of resources and cultural 
background was advantageous in that it limited the influence of covariates. However, the 
2011 Queensland flood affected both poor and affluent communities, and it is unclear 
whether the findings of this thesis would be the same for mothers with fewer 
educational and economic resources. It can be difficult to recruit participants to disaster 
studies as they have a multitude of other pressing needs, and this is particularly true 
when the participants are pregnant. It is also harder to retain more disadvantaged 
participants in longitudinal studies. Again, this problem is shared by other prenatal 
stress studies but this is an area that urgently requires future research. It is critical to 
understand whether the established effects of prenatal maternal stress are the same for 
disadvantaged mothers, especially when it comes to designing interventions. 
Third, this thesis only measured child outcomes at two points in time. Three 
points of measurement would have enabled statistical techniques like growth curve 
modelling, which would have provided information about developmental trajectories 
rather than snapshots of development at two points in early childhood. Additional 
measurement points would have enabled a better understanding of continuous 
longitudinal effects. 
Fourth, the coping measure assessed general rather than flood-specific coping. 
This had the advantage of enabling us to obtain coping information for people with very 
low flood exposure, but also required us to make the assumption that people would 
have relied on their typical coping strategies when faced with the flood.  
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Lastly, social support was not measured in this thesis. Social support is influential 
during pregnancy (Huizink et al., 2002a) and is especially relevant to disaster studies, as 
community-wide disasters have clear effects on social support (Kaniasty, 2011). Social 
support is also integral to the study of coping (Lazarus & Folkman, 1984), and should be 
included in future research. 
 
6.4 Implications for future research 
The findings and limitations in this study suggest some interesting directions for future 
research. In particular, future studies should incorporate multiple measurement points 
throughout pregnancy, and investigate whether different types of prenatal maternal 
stress work together to predict child development. This is especially true for disaster-
based studies, where different stress reactions are interlinked, but also for studies that 
use sources of distress like maternal anxiety and depression. Stress, depression and 
anxiety often co-occur, and studies that assess mothers repeatedly throughout 
pregnancy are well placed to explore the relationships between these different types of 
distress, and to examine chronicity as well as onset of stress. These types of studies 
could also incorporate biological markers of stress alongside self-report measures, such 
as intrauterine blood flow, cortisol and placental corticotrophin releasing hormone. 
Studies with repeated measures throughout pregnancy are also well suited to 
investigating coping. Coping is challenging to study because it is so dynamic, with coping 
strategies changing as a result of the appraisal and reappraisal process (Lazarus & 
Folkman, 1984). In addition, coping changes across the course of disasters (Schwarzer & 
Schwarzer, 1996) and throughout pregnancy (Levy-Shiff et al., 1998). An alternative way 
to study the role of coping in the effects of prenatal stress may be to work with women 
undergoing IVF. Women undergoing fertility treatment receive a higher level of 
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monitoring both before and during pregnancy, providing opportunities for multiple 
measurement. This type of design would also enable collection of coping data prior to 
the pregnancy, which is not possible is many prenatal stress studies as women are only 
recruited once they fall pregnant. If the sample incorporates women using donor eggs, 
the study may also be able to investigate genetic and non-genetic correlates of prenatal 
stress, similar to Rice et al. (2010). This type of study would also lend itself to 
intervention, as there is some evidence that women undergoing fertility treatment have 
a high level of pregnancy-related anxiety, and that coping may be beneficial (Eugster & 
Vingerhoets, 1999). 
Lastly, it is not commonly done in prenatal stress research but future studies 
could consider incorporating a non-flood-affected age-matched control group. This may 
enable a better understanding of the effects of the type of prenatal stress being 
investigated, compared to current designs that compare participants with no/low levels 
of stress to participants with high levels stress within the same sample. 
 
6.5 Implications for clinical practice 
It may seem that there are no clinical implications of these findings because the 
development of the children was largely in the normal range. However, it is possible that 
the findings of this study indicate flattened trajectories rather than developmental 
delays. It may be that the brain circuitry in children whose development is associated 
with exposure to prenatal maternal stress has not been developed to its full potential 
(Gabbard, 2012). The plasticity of the brain in early childhood regarding motor skills 
means that this is a critical period for early intervention.  
The findings of this thesis have two key implications for clinicians working with 
women who are exposed to natural disasters during pregnancy. The first implication is 
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that it identifies risk factors that may be used to identify women, and their children, who 
may require monitoring and referral. Higher flood exposure and higher maternal 
distress and dissociation are risk factors for the subsequent development of 
posttraumatic stress. More severe maternal posttraumatic stress symptoms consistently 
predicted poorer child fine motor development and peritraumatic dissociation 
predicted poorer child gross motor development. Clinicians working with pregnant 
women, such as midwives and obstetricians, could incorporate peritraumatic distress 
and dissociation into screening tools, especially for women with higher disaster 
exposure. This could prompt referral to prevention or early intervention programs that 
may reduce the chance of developing posttraumatic stress, or reduce the severity of 
posttraumatic stress symptoms. Prenatal interventions could have beneficial effects for 
the mother and potentially her child (O'Connor et al., 2014). 
The second implication is that coping interventions need to be approached with 
caution. There is some evidence that coping can influence the underlying physiological 
responses to stress. This may also change the type and level of stress-related hormones 
crossing the placental barrier and influencing fetal development. This suggests that 
coping interventions could be effective in reducing the negative relationship between 
prenatal maternal stress and child development, but because the evidence at this stage 
is mixed there is the possibility that harm may be done. Clinical interventions targeting 
coping should wait on the development of better evidence about the specific effects of 
coping in the context of disasters (Guardino & Schetter, 2014). 
 
6.6 Conclusion 
Overall, this thesis has identified two potential psychological mechanisms for the 
transmission of disaster-related prenatal maternal stress, and indicated that coping 
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predicts both maternal stress and child motor development following prenatal exposure 
to a natural disaster. These findings have important implications. They identify risk 
factors for mothers and children in the wake of natural disasters, and suggest that 
coping may be an effective intervention target after further research. There is clear 
evidence from multiple studies that prenatal maternal stress can have adverse 
consequences for both mothers and children. The next critical step in prenatal stress 
research is to find ways to mitigate these effects. 
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